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1 Introduction 
The fifth  part of this report on Circular Solutions is about the circular principle From Waste to Resource. 
The purpose of this study is to select promising options for the implementation of this circular principle 
and to elaborate these options further. For this purpose the questions below are leading. These 
questions follow the order from general to specific: they start at the conceptual level and end with ideas 
for a specific case.  
 
1. What does the concept From Waste to Resource imply?   
This conceptual exercise is a further exploration of some concepts on circularity.  
 
2. What techniques are available to process streams of urban waste and use them as a valuable 
resource? What are the most promising options?  
A distinction is made between biogenic waste flows and other waste flows. A comprehensive 
discussion of all waste flows was not possible for practical reasons, so we have chosen to emphasize 
the biogenic waste flows. Some general statistics on waste stream are given in Table 1. 
 
3. What scenarios are conceivable for the application of promising circular options?  
Four scenarios are described. These are in line with the scenarios in the other parts of this study 
into circular solutions, but in this chapter they are focused on waste processing.  
 
4. What do these scenarios mean for a practical case?   
As a practical case the industrial area InnoFase near the city of Arnhem is chosen as a waste 
processing site. In this industrial area there are already a number of waste stream processing 
companies at the moment. For InnoFase, the question for each scenario is: which new activities 
(companies) in this scenario would strengthen the circular character?   
Choice of study area 
As case study, InnoFase, an industry park in Duiven near the city of Arnhem, was chosen. InnoFase is a 
location for companies operating in the fields of energy and environmental technologies. The site has a 
total size of 60 hectares. There is still 14 hectares available for the establishment of new companies. The 
municipality and the local industries on InnoFase have the ambition to develop InnoFase into an icon of 
the circular economy. Cascading of flows (the energetic or physical output from one company is used as 
input for another company) and renewable energy production are important components of this 
ambition. InnoFase is also searching for new circular business models. To realize these goals the 
municipality wants to attract new businesses that strengthen the circular economy goal and to stimulate 
the development of new knowledge on circular solutions. 
 
Structure of the report  
This report starts with the inventory of outputs (waste) and technologies related to municipal 
(household) waste i.e. output (Chapter 3) that can play an important role in achieving the principals of 
circular economy. Later on, in Chapter 4, other relevant types of outputs (waste) and technologies are 
mentioned and explained. Chapter 5 outlines possible scenarios and Chapter 6 describes the case study 
of InnoFase. The last Chapter concludes the findings of this project.  
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Table 1 General statistics on waste streams in the Netherlands. 
  
General Statistics 
According to the law on environmental protection, all the waste in the Netherlands is divided into: 1) radioactive 
waste, 2) dredging waste (from canals, rivers and harbours etc.), 3) animal manure, 4) abattoir wastes, 5) waste 
water, and 6) other waste. The last category (other waste) is further divided according to waste-source (sector) to 
8 sectors, and also according to treatment technology.  
Overview of waste sectors and treatment technologies in the Netherlands (106 kg) (Rijkswaterstaat, 2015) 
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Preparation for reuse 
 
- - 0 0 0 0 - - - 41 
Recycling 4,154 511 2,380 12,386 2,825 22,439 1,219 313 166 26 46,545 
Incineration for energy 2,759 163 167 1,058 1,339 833 3 2 0 16 6,271 
Building material - - - 1 0 - - - - - 1 
Other uses 0 37 2 23 7 12 0 0 0 1 83 
Incineration 1,753 260 3 1,103 859 14 22 1162 2 4 5,125 
Landfilling 
 
25 6 508 182 437 126 17 7 1 1,381 
Discharge 43 98 3 125 110 17 5 1 0 10 412 
Total  8,823 1,094 2,561 15,204 5,324 23,752 1,377 1,494 175 56 59,860 
*HDO sector: trade services government offices 
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2 New concepts for waste management  
2.1 New concepts in policy  
 
The EU economy is very much dependent on (finite) resources from outside its borders, and it imports 
more resources than it exports (EC, 2008) (see Figure 1). 
 
 
 
Figure 1 Physical trade balance: imports minus exports, by country in 2014 (t/capita) (Eurostat, 2015) 
 
It is estimated that progress on resource efficiency along value chains could decrease material input 
needs by 17-24% by 2030, which translated in euros means 630 billion € per year. Therefore, its clever 
usage, “where the value of products, materials and resources is maintained in the economy for as long 
as possible, and the generation of waste minimised”, becomes highly important and has an “essential 
contribution to the EU's efforts to develop a sustainable, low carbon, resource efficient and competitive 
economy” (EC, 2015a). In this regard, the European Commission asked the member states for a 
consultation on circular economy. The Netherlands has summarized its contribution in the document 
“Consultation of Member States on the Circular Economy”, where it characterized, inter alia, what are 
important components of circular economy (IenM, 2015):  
 Sustainability as the preconditional mind-set (including system-thinking to progress Sustainable 
Development Goals). 
 Ambitious coalitions with hybrid governance structures, through which public, private and societal 
partners create new business (eco)systems. 
 The number and distribution of materials locally and globally will increase substantially by turning 
‘waste’ into new inputs, and by using biobased materials. 
 Downward and increasingly upward cascading of materials to dramatically increase society's 
resource effectivity. 
 The emergence of global-local industrial production networks, linking resource niches and markets 
across the globe through ICT. These networks will disrupt current supply chains with its ‘step-by-
step complexity’ (from raw material to semi- to final product/service), by skipping multiple steps of 
supply chains and  integrating multiple steps of multiple supply chains simultaneously (‘non-linear 
complexity’). In the latter also consumers become producers (‘prosumers’). 
 The inclusion of biodiversity & ecosystem services (‘natural capital’) as preconditions for a 
sustained supply of raw materials entering the economy. 
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Three levels of the transition towards a circular economy are distinguished: linear economy, linear 
economy with feedback and circular economy. Each of these levels builds on the previous one. Each of 
the levels has its own strengths and weaknesses: 
1 linear: upscaling/resource intense,  
2 linear with feedback: mitigation/a-symmetric power relations,  
3 circular: multiple value creation/unpredictability.  
Regarding the most efficient and important measures taken to facilitate the transition to a circular 
economy, for linear economy it is seen the ban on land-filling of domestic waste, which was set already 
in 1993. While for the linear economy with feedback, cooperation is seen as crucial (EC, 2015b). For 
instance, a joint program committee has been formed to improve waste separation, to prevent waste 
and to optimize material chains together with other partners. A specific target was set: to cut the 
residual waste, from 242 kg per capita in 2013 to 100 kg in 2020, with a further reduction the following 5 
years (EC, 2015b).  
 
Another example of cooperation important to be mentioned here is the 'Phosphorus Value Chain 
Agreement'. It was signed in 2011, by more than 20 companies, knowledge institutes, NGO's and the 
Dutch government, which agreed to create a sustainable market for recycled phosphorus by recovering 
and recycling of phosphorus from waste streams and livestock. Also a cooperation on innovation on 
packaging is an interesting one, namely, in 2013 a 10-year agreement is made with an aim to increase 
recycling of packaging and close the loop. In this regard, beverage cartons collection was started for a 3-
year period (2015-2017) and in 2016 a 2-year pilot for a refund system for small drinking bottles and 
cans will be started nationwide (IenM, 2015).  
 
Regarding circular economy, the Dutch government already made some substantial steps in this 
direction. For instance at the conference on waste management “Afvalconferentie”, held in The Hague 
this year (2015) in October, the Minister of Infrastructure and Environment announced that the ambition 
for 2022 is to half the amount of waste that is to be incinerated. The targets are formulated in the 
agreement “More and better recycling for circular economy” (in Dutch: “Meer en betere recycling voor 
een circulaire economie”) and also in the program “From waste to resource” (in Dutch: “Van Afval Naar 
Grondstof”, VANG), which are the national translation and implementation of European directive 
“Roadmap to a Resource Efficient Europe”. This should lead to higher recycling rates and lower amounts 
of incinerated waste. Currently  45% of the household waste is still not being separated but incinerated. 
Some organisations have a more ambitious target and expect that the percentage of unseparated waste 
can drop to 5% in 2020 (SRE, 2012). Therefore if the ambition of the Dutch government and public is 
high, the amount of waste to be incinerated could decrease by 50% or more in 2022 (see Figure 2). 
 
 
Figure 2 Amount of incinerated waste in the Netherlands, current status and possible future developments (Van der Mei, 
2015). 
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It is expected that the current capacity of the Waste to Energy Plants can be used to incinerate waste 
from foreign countries (Dijksma, 2015). 
 
Residues are valuable feedstocks 
Residues are not seen as a waste stream anymore, but as feedstocks with an intrinsic value that can be 
transformed into useful products again. One of the consequences of this circular approach is the need 
for further separation of waste streams in order to maintain their intrinsic value (that might be lost when 
it is mixed). Furthermore, new alternative technologies are needed to achieve the transformation of 
certain residue types into high-value products. This way the cycle can be closed and less virgin resources 
will be needed. 
  
The final product is leading 
The final product that can (possibly) be obtained from the residues needs to be leading in the design of 
the circular approach, e.g. in adaptive circular cities. So the approach is not anymore about finding the 
cheapest disposal techniques for residues, but about maintaining the intrinsic value of the residues and 
about upgrading them to high value products that have a sufficient market. 
 
2.2 How to analyse circularity?  
 
As circular economy is a holistic concept, it includes different levels and components, not only focusing 
on the amounts of wastes created and recycled, but also innovation in design, technologies, processes, 
and organisational approaches.  
 
 
 
 
Figure 3 Scheme on circular economy and its components (Anonymous, 2014). 
 
There are many way to analyse circularity. For instance, one could analyse it in terms of investments 
(euro), geographical area (country, region, city, etc.), sectors (e.g. waste sector, households), 
technologies, substances, materials, products, waste or environmental impacts.  
 
When analysed in terms of geographical area (country, region, city, or specific location) the starting point 
would be to look at material-flows (input and outputs). Circularity can be expressed then as the ratio 
between recycled waste versus inputs (or raw materials, or feedstock), see 
Figure 4 
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Figure 4  In a circular economy the amount of raw materials, and the amount of waste become smaller and the amount 
recycled becomes larger 
 
In a circular economy these flows become inter-related & interchangeable: input (raw material, or 
feedstock) can be supplied by an output from some other process. Also, one output can be input for 
different products; for example, organic ‘waste’ can be processed to compost or fertiliser, but it can also 
be used to produce energy, or different materials applying bio-refinery processes.  
 
We analyse circularity in this report from a geographical viewpoint in which the city is surrounded by an 
industrial zone and an agricultural zone (Figure 5). The focus is on municipal flows: municipal output 
(waste streams) and input (food, energy, water, materials). Nevertheless as above-mentioned, as the 
circular economy goes far beyond a geographical unit, one needs to look also to the interaction with the 
surrounding rural areas, including agriculture.  
Figure 5 illustrates municipal flows that are interlinked with industry and agriculture. We show this 
approach for the case study InnoFase, an industry-park near the city of Duiven. The goal for InnoFase is 
to apply circularity principles in its core functioning, but also in selecting potential new companies which 
contribute to circularity on the site.  
 
 
 
 
Figure 5 Schematic representation of flows of a city exchanged with agriculture and industry. 
 
.  
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3 Municipal biogenic residues 
3.1 Introduction 
 
This chapter is about finding waste-to-resource options for biogenic residues in an adaptive circular city 
(Figure 6). The focus in this chapter is on waste from households and from retail & restaurants. These 
two waste groups can always be related to a municipal area. Industrial food processing waste is not 
considered, because this type of waste will never be typical for a municipal area, but will vary depending 
on the specific case at hand. First the products that enter Dutch households (inputs) will be described in 
section 3.2. Then the biogenic waste streams (outputs) that originate from the Dutch households as a 
result of the inputs are listed in section 3.3 and the waste streams from retail & restaurants in section 
3.4. Next, both traditional and alternative technology options for the disposal and valorisation of 
biogenic household waste streams are shown in section 3.5. In section 3.6 a confrontation matrix is used 
to find a match between biogenic municipal residues and the available technology options. And finally 
conclusions are given in section 3.7. Focus (of this project) is on biogenic and potentially biogenic 
products.  
 
Figure 6 Schematic representation of the material flows of an Adaptive Circular City (ACC). 
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3.2 Products entering households 
 
In the concept of Adaptive Circular Cities, it is important to know the volumes of both product 
consumption by households (input) and also the waste streams (output). The input volumes of products 
have been reviewed from open sources, and listed per capita and for the Netherlands on an ‘as is’ basis 
in Table 2. For reason of the relatively large volumes, the amounts are described in more detail for solid 
food in Table 3.  
 
Data have been sourced as much as possible from organisations specialized in market data, like CBS. 
However, a wide variety of detailed data was not available in this database. Therefore, info was searched 
on the internet and found through branch organisations (Productschap Akkerbouw, Tuinbouw.nl, 
Visbureau, NDP Nieuwsmedia, Vereniging Herwinning Textiel, Stibat, Nedvang, KIDV), research agencies 
(RIVM, Narcis, Probos, Ernst & Young), news sites (Agripress, GF Actueel, NOS, Z24, NU.nl, 
Pluimveeweb.nl, Grafisch Weekblad), and other sources (Government websites, Rabobank, Vitens, 
Haskoning). These references are listed in Table 4 and indicated for each product in the last column of 
Table 2 and Table 3. 
 
Some consumption data have been found per capita, others for the Netherlands as whole. Furthermore, 
consumption data could not all be found from one base year. Therefore, the data have been converted 
using the Dutch population in 2011, 16.6 million persons, which is in the middle of the base years for the 
consumption data. 
 
Table 2 Consumption of households in The Netherlands of main (potentially) biogenic food and non-food products 
Type 
*)
 Netherlands 
(kt/year) 
Per capita 
(kg/year) 
Base year Reference 
numbers 
in Table 3 
Biogenic     
Water 721,021 43,435.0 2013 1 
Food, solid 5,807 346.4 2005-2013 See Table 2 
Food, liquid 4,985 300.3 2009-2011 2, 3 
Paper (newspapers, magazines, etc.) 581 35.0 2013-2015 4, 5, 6, 7 
Clothing/textiles 230 13.9 2012 8 
Furniture (wood fraction only) 215 13.0 2010 9 
Flowers and plants 75 4.5 2014 5, 10 
Peat unknown unknown   
Packaging paper 471 28.4 2013 11 
Potentially biogenic     
Diapers 45 2.7 2015 12, 13, 14 
Toys (plastic) 23 1.4 2014 15 
Packaging plastic (incl. carrier bags) 228 13.8 2013 11 
*) This table does not include (non-biogenic) categories like electronics, white goods, transportation vehicles, fuels and energy, 
utensils, batteries, cleaning and care products, pets and pet food. 
 
Next to the household input volumes for the largest solid food products, Table 3 also lists the 
(un)avoidable losses of food due to mismanagement in the households and due to part of the food being 
uneatable (bones, peelings) (Westerhoven, 2013). Unavoidable losses in the shape of peels and stumps 
have been combined as one value in Westerhoven (2013) without any references to the subtype. 
However, since this amount (16.1 kg/capita.year) represents a relatively large part of the total losses 
(63.5 kg/capita.year), this loss of the type ‘peels and stumps’ has been divided over three other loss 
types ‘vegetables’, ‘fruit’ and ‘potato’s’ in Table 2 according to their respective input volumes. E.g. for 
the type ‘vegetables’, which comprises a 43.8/(43.8+34.7+50.0) = 34% share of the inputs, an amount of 
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0.34 * 16.1 = 5.5 kg/capita.year unavoidable losses has been added to the 4.6 kg/capita.year of 
avoidable losses, which leads to a total value of 10.1 kg/capita.year losses for the type ‘vegetables’. 
 
Furthermore, the input volumes have been used as a reference for the output volumes of households, as 
it appears that some output volumes derived from open source databases do not automatically provide 
a good indication of the total amount of that particular product leaving ‘a household’. For instance, in 
the Netherlands about 70 kton of textile clothing is being collected by organisations, however, about 130 
kton is being discarded via ‘grey waste bins’ (FFact, 2014). 
 
Table 3 Food consumption (input) and losses (sum of avoidable and unavoidable) of households per capita in the 
Netherlands 
Type Input 
(kg/year) 
Base year input 
values 
Losses, base 
year 2013 
(kg/year) 
Reference 
numbers listed 
in Table 3  
Vegetables 43.8 2005-2014 10.1 16 – 21, 30 
Fruit 34.7 2009 8.6 22, 30 
Potato’s 50.0 Recent 9.3 23, 30 
Pasta 2.7 2010 *)  1.2 24, 30 
Rice 1.6 2010 *)  2.9 24, 30 
Bread 60.0 Recent 6.3 25, 30 
Meat/fish 46.5 2011-2012 4.5 26, 27, 30 
Cheese 19.4 2011 0.6 2, 30 
Yoghurt, custard, cottage cheese 33.6 2005-2007 2.1 28, 30 
Eggs 12.7 2013 1.1 29, 30 
Biscuits, banquet 14.5 2009 1.3 3, 30 
Potato chips 7.8 2009 unknown 3 
Sweets 11.3 2009 0.5 3, 30 
Sauces unknown  2.6 30 
Coffee (grounds) 7.0 2008 9.8 3, 30 
Thee (waste) 0.8 2008 0.8 3, 30 
Other   1.8 30 
Total 346.4  63.5  
*) Dry matter content is 25% only, due to preparation.  
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Apart from water consumption, which is very large in terms of kg/capita.year, the largest household 
input streams are those of food, with in order of decreasing magnitude: bread, potato’s, dairy produce, 
meat/fish, vegetables, fruit, deserts, all 34 kg/capita.year or larger. Next in line are paper from 
newspaper, magazines and marketing leaflets and paper from packaging, 35 and 28 kg/capita.year 
respectively. Clothing, wood of furniture and plastic packaging represent a more or less equal share of 
13-14 kg/capita.year. In the category plastic packaging, carrier bags account for about 13% of the 
volume. Generally speaking, it may be said that all food products, packaging and paper enter the 
household on a weekly basis, whereas products like clothing and toys on a quarterly basis. Furniture on a 
multi-annual basis. Due to the high weight of furniture, this product represents a significant volume, 
although it enters a household only occasionally. 
 
Table 4 References for household product input volumes and losses. 
Nr  Nr  
1 Vitens, 2015 16 Baas & Pals, 2006 
2 Productschap Zuivel, 2011 17 Narcis, 2009 
3 CBS, 2015a 18 Groenten en Fruit, 2013 
4 NDP Nieuwsmedia, 2015 19 Paprika, 2015 
5 van den Oever, 2015 20 Broekema & Smale, 2011 
6 Van Rooy & Zwetsloot, 2011 21 van Rijswick & Pals, 2006 
7 Mediamonitor, 2015 22 Z24, 2014 
8 FFact, 2014 23 Royal ZAP, 2015 
9 Oldenburger et al., 2012 24 NOS, 2010 
10 Rabobank, 2015 25 Wikipedia, 2015 
11 Nedvang, 2014 26 Voedingscentrum, 2015 
12 Overheid, 2014 27 Nederlands Visburo, 2012 
13 Mul et al., 2014 28 Bos et al., 2014 
14 LittleOnes, 2015 29 PluimveeWeb, 2014 
15 de Graaff & de Graaf, 2015 30 van Westerhoven, 2013 
 
 
3.3 Waste originating from households 
 
Solid waste 
The most important source of reliable data for municipal waste (in a solid form) is the CBS (2015b). Solid 
biogenic municipal waste volumes per type in 2014 are given in Table 5 and Table 6. Municipal waste 
concerns (solid) waste that is collected commissioned by the Dutch municipalities. Besides that, also the 
amounts of textile and old paper and board that are collected by associations etc. are included. 
Municipal waste can be divided in three groups: 
 domestic waste = collected at households (plus a small share collected from elsewhere, e.g. shops); 
 municipal cleaning waste = originating from the municipalities themselves, e.g. waste from cleaning 
the streets and green waste from gardens and parks; 
 other waste = collected at businesses, shops etc. 
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The description of the relevant biogenic categories of the CBS (2015b) is as follows:  
 domestic residual waste = waste of households that is collected as a whole (so one total stream 
that is not separated into fractions); 
 vegetable-, fruit- and fine garden residues (GFT) = vegetable-, fruit- and fine garden residues; 
 waste paper & board = waste paper & board, including what is collected by associations, schools 
etc.; 
 textile = used clothing and other textiles, including what is collected by associations, schools and 
charities; 
 beverage cartons = such as milk cartons; 
 coarse garden residues = such as stumps, large branches and prunings; 
 wood residues = such as scrap wood, wooden furniture and other remaining wood, excluding 
coarse garden residues. 
 
The domestic residual waste that is not separated contains a large share of GFT-residues (38%) and 
waste paper & board (20%). Furthermore it contains a small share of textile (4%). When the amounts of 
the unseparated and separated biogenic municipal waste are being summed, then the total amounts 
appear as shown in Table 5.  
 
Table 5 Biogenic municipal waste in the Netherlands in the period 2005-2014. The per capita data are calculated based on 
a population of 16.9 million persons in 2014 (CBS 2015b). 
Type 2005 
(kton/ 
year) 
2010 
(kton/ 
year)  
2011 
(kton/ 
year) 
2012 
(kton/ 
year) 
2013 
(kton/ 
year)  
2014 
(kton/ 
year) 
2014 
per 
capita 
(kg/ 
year) 
Domestic residual waste, 
unseparated containing the 
following biogenic fractions: 
3,958 3,751 3,734 3,663 3,517 3,451 204.2 
Vegetable-, fruit- and fine garden 
residues (GFT) 
1,362 1,255 1,297 1,303 1,255 1,338 79.2 
Waste paper & board 1,045 1,065 1,044 981 924 929 55.0 
Textile 60 68 66 65 65 68 4.0 
Beverage cartons 2 3 3 3 4 4 0.2 
Coarse garden residues 406 447 448 461 441 465 27.5 
Wood residues (A & B) 318 323 334 318 308 323 19.1 
 
The most important waste stream in size is the relatively wet waste stream of GFT-residues. Half of this 
stream is collected separately (e.g. in green waste bins), while the other half is mixed through the 
domestic residual waste (e.g. in gray waste bins). Even the GFT-residue stream that is collected 
separately is still very heterogeneous, since it contains two groups of components with a different 
quality: vegetable & fruit residues on the one hand and fine garden residues on the other. In 2013 the 
separately collected GFT-residue stream of 1,277 kton (Eural-code 200108) was processed at 26 
installations either through composing or through anaerobic digestion. The most important way of 
processing was composting, applied for 946 kton (74%) of the GFT, while anaerobic digestion had a 
smaller share of 331 kton (26%) (Rijkswaterstaat, 2014). 
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Table 6 Shares of subtypes within the unseparated domestic residual waste stream in the Netherlands in 2014.  
Type 1) 2014 NL 
(kton/year) 
2) % 3) 2014 NL 
(kton/year) 
Domestic residual waste, unseparated containing the 
following biogenic fractions: 
3,451   
- share GFT  38 1,311 
- share paper & board  20 690 
- share textile  4 138 
-  Total  4) 62 2,139 
1) CBS, 2015b 
2) Compendium voor de Leefomgeving, 2015 
3) amount calculated from 1) & 2) 
4) The other 38% of the domestic residual waste is mostly non-biogenic (5% diapers, 14% plastic, 5% glass, 3% metal, 1% 
non-metal and 10% other) 
 
Table 7 Total amount of separated and unseparated biogenic municipal waste in the Netherlands in 2014. The per capita 
data are calculated based on a population of 16.9 million persons in 2014. 
Type Separated 
NL (kton/year) 
Unseparated NL 
(kton/year) 
Total 
NL (kton/year) 
Total 
per capita 
(kg/year) 
Vegetable-, fruit- and fine garden 
residues (GFT) 
1,338 1,311 2,649 156.7 
Waste paper & board 929 690 1,619 95.7 
Textile 68 138 206 12.2 
Beverage cartons 4 - 4 0.2 
Coarse garden residues 465 - 465 27.5 
Wood residues (A & B) 323 - 323 19.1 
Total 3,127 2,139 5,266 311.4 
 
The second largest waste stream is waste paper & board (of which about 57% is collected separately). At 
the moment this waste stream is mainly being recycled as a feedstock for the paper & board industry. 
Next, two other waste streams are important in size, being coarse garden residues and wood residues. 
Both of these waste streams are being collected separately, so they are not a part of the unseparated 
domestic residual waste stream. Coarse garden residues mainly consist of fresh wood, which might still 
also contain leaves and possibly adhering dirt and sand (lumps). Wood waste consists of two types: A-
wood and B-wood. The quality of the wood is important for further processing options. Type A-wood is 
clean timber and therefore it is suitable for most types of processing technologies. However, type B-
wood contains glue and/or paint, which sets additional demands on the processing technology (e.g. flue 
gas cleaning after combustion). The textile waste stream now ends up for about two thirds (67%) in the 
domestic residual waste stream and the remaining portion (33%) is collected separately. Finally, a 
relatively small waste stream should be mentioned, viz. beverage cartons. It should be noted that this 
stream is still only a small amount at this moment, which is the result of a first collection pilot in a limited 
number of Dutch municipalities (37). The group 'other' in the domestic residual waste (with a share of 
10%, which is not mentioned in Table 4) also contains a large quantity of beverage cartons at the 
moment, which have not yet been separated. According to Kennisinstituut Duurzaam Verpakken (2013) 
about 70 kton of beverage cartons enter the Dutch market per year, which is equal to about 4,2 kg per 
capita. So in theory this is the maximum size of the beverage cartons waste stream per year. Beverage 
cartons are largely of biogenic origin (board). The technology to separate the plastic (polyetheen) and 
sometimes aluminium coating from the board material has been developed in the UK (ACE, 2013). 
 
Liquid waste 
Besides solid waste there is also the liquid waste stream that is leaving the households through the 
sewer as sewer drain (which is by the way not the same as sewer sludge that originates later on after 
applying an aerobic purification process). So-called black water contains urine and faeces (Telkamp & 
  
 
 
 
 
16  
 
Circular Solutions. Part IV.  
From Waste to Resource 
 March 2016 
Geerse, 2010). The largest source of nutrients is urine. Urine contains 80% of the total nitrogen and 53% 
of the total phosphorus (phosphate) from the overall load of a communal purification, while urine is only 
1% of the volume of the total waste water stream. Urine + faeces together contain 91% of the total 
nitrogen and 79% of the total phosphorus of the overall load in the inflow of a purification. In addition, 
black water contains pathogens, drug residues and hormones. 
 
3.4 Waste originating from retail & restaurants 
 
The waste from retail is estimated by Schripsema et al. (2015) and waste from restaurants by Luitjes 
(2007). Both these types of waste are given for the whole of the Netherlands (Table 8). Of course there 
will be differences between larger cities and smaller towns, which makes it difficult to translate these 
data to a specific study area of an adaptive circular city. However, the data do give an indication of the 
size of these specific waste streams. In the confrontation matrix these waste streams will not be 
discussed separately. Most of the time they will resemble the type vegetable and fruit waste. 
 
Table 8  Estimated total amount of organic waste from retail (2014) & restaurants (2007) in the Netherlands. The per 
capita data are calculated based on a population of 16.9 million persons in 2014 (Schripsema et al., 2015; Luitjes, 
2007). 
Type Total 
NL (kton/year) 
Total 
per capita 
(kg/year) 
Retail – Bread 24 1.4 
Retail - Meat (out of date products) 16 0.9 
Retail - Remaining food residues (out of date products) 145 8.6 
Restaurants 1) 51 3.0 
Total 236 13.9 
1) meat 8%, fish 7%, vegetable & fruit 32%, starch (potato, rice & pasta) 15%, bread 25% and various 13% 
 
3.5 Technology options for the valorisation of biogenic household waste streams 
 
The description of the technology options for the valorisation of biogenic household waste streams in 
this section is mainly based on the publication of Meesters et al. (2015) that focusses on processing 
heterogeneous waste streams. In some cases these descriptions are literally translated quotes from their 
publication. This technological information has been supplemented with input from S2Biom (2015) and 
ECP (2015). A division is made between traditional proven technology and alternative technologies, that 
are (partly) still under development.  
3.5.1 Traditional proven technologies (PT) 
 
Technologies that are currently used to process heterogeneous biogenic streams are: 
1. Composting 
2. Anaerobic digestion (production of green gas) 
3. Combustion 
4. Aerobic purification 
5. Recycling 
 
Besides the first four disposal technologies also recycling is a common processing route for certain waste 
streams such as waste paper & board and textile. Furthermore, vegetable- and fruit residues could in 
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principle also be processed to animal feed under very strict conditions. However, in this case the 
feedstock quality of the residues will need to be guaranteed continuously. 
 
PT1. Composting 
Description - Composting is a process in which heterogeneous biomass is converted into compost. The 
heterogeneous biomass is aerated and bacteria and fungi partly break down the organic material. This 
generates heat that dries the material (at about 70 °C), which gives a hygienisation step (killing germs 
and seeds) and stabilizes the material. 
Suitable inputs - GFT, verge grass, grass from nature areas and residues of the agro-industry. 
Outputs produced - Compost can make a positive contribution to soil quality. 
Economy & scale - The costs for disposing compostable waste at the gate of a composting company are 
about 30 €/ton. The compost is sold for 0 €/ton, so it has hardly any economic value. This is caused by 
the nitrogen en phosphate content of the compost, that have a negative value in the Netherlands 
because of the manure surplus. When the N and P could be removed from the compost, it is expected to 
have higher value. 
 
PT2. Anaerobic digestion 
Description - The heterogeneous biomass is sealed from the outside thus creating anaerobic conditions. 
Bacteria convert part of the biomass into biogas. The recalcitrant part remains and is called digestate. 
This kind of technology is in operation at Orgaworld, Twence, Attero en ROVA. Increasingly processors of 
heterogeneous biomass have both a digester and a composting plant. A part of the biomass (about half) 
is going into the digester while another part is composted. The digestate from the digester is then 
distributed among the compost and composted along with the other material. This way, the digestate 
can be inexpensively dried (using heat from the composting process) and then it can be supplied as 
compost (described in the law as an aerobically treated biomass). 
Suitable inputs - GFT, verge grass and residues of the agro-industry. 
Outputs produced - biogas/green gas (methane) for electricity and heat. 
Economy & scale - Anaerobic digestion of heterogeneous biomass cannot compete without subsidies 
with composting. The discharge of digestate is more expensive than the removal of compost (which is 
now sold for 0 €/t) because digestate is wet and thus costs more freight per tonne of organic matter to 
be moved. The GFT-digester charges approximately 30 €/t (delivered fresh to the gate) for processing, 
the same rate as the composter, with which it competes directly. The costs for production of green gas 
from heterogeneous biomass are significantly higher compared to the cost of composting. These costs 
are also much higher than the income from the product (biogas/green gas). 
 
PT3. Combustion 
Description - For relatively dry heterogeneous residues combustion technology is an attractive option. 
Combustion of heterogeneous biomass now takes place particularly in waste processing plants (AVI’s: 
AEB, Attero, Twence, ARN, EVI, HVC, EOn, Omrin, Sita, AVR), where it is incinerated as part of the 
domestic waste (56% of 7.5 Mton/year = 4.2 Mton/year) (LAP2, 2015, Meesters et al., 2015). Sometimes, 
also wet streams are burned. This happens especially if one wants to ensure that all organic pollutants 
are degraded. For example, when processing sludge from waste water treatment plants (SNB, AEB) 
containing drug residues and hormones that must not spread through the agricultural field to the food 
chain or the environment. 
Suitable inputs - Heterogeneous biomass is often wet and contains relatively many components that 
cause problems in the incinerators (potassium (K), chloride (Cl) and protein). Therefore, combustion of 
heterogeneous is usually not preferred. Combustion of heterogeneous biomass hardly takes place except 
for incinerators where the heterogeneous biomass is part of the municipal waste and for the combustion 
of sewage sludge. So it is relevant for paper & cardboard and textiles. 
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Outputs produced - Combustion produces heat. This heat can be (partially) converted into electricity. 
Heat can also be used for heating of industrial processes or homes. Usually, not all the heat can be 
deposited in this way because the demand (especially from households) varies greatly in the seasons. 
Economy & scale - For many (wet) streams a substantial subsidy or legal compulsion is necessary for 
combustion to become competitive compared to composting. 
 
PT4. Aerobic purification 
Description - Waste water from households is processed in aerobic treatment systems. The primary goal 
of purification is to make dischargeable water. 
Suitable inputs - Relevant for sewer drain. 
Outputs produced - No products are delivered yet, other than purified water. 
Economy & scale - The average scale of a Dutch sewer drain treatment facility (RWZI) in the Netherlands 
is for 66.000 residents (Compendium, 2015). Considering that an average person releases about 125 
l/day to the sewer drain (Telkamp, 2010), it can be calculated that an average RWZI is about 3 million 
m
3
/year. The annual cost for sewer drain treatment in the Netherlands is 1.2 billion euro (Rioned, 2015), 
which means about 71 €/capita.year. The majority of Dutch RWZIs is using dephosphating technology 
(Compendium, 2015), and on an annual basis 11 – 12 kton of phosphor is extracted from the sewer drain 
ending up in the sewage sludge. For reference, the Netherlands import about 21 kton of phosphor/year 
for fertilizer (Veltman, 2011) and the price for phosphate rock is about 100 €/ton end of 2015 (Infomine, 
2015). 
 
PT5. Recycling 
Description - In the Netherlands there has been a lot of attention for reuse and recycling of (packaging) 
materials. Nedvang monitors the results of the packaging recycling in the Netherlands for all producers 
and importers of packaged products. Re-use means that the packaging product is used again, for 
example, such as returnable bottles. Recycling means that the packaging material is re-used for any 
application. 'Recovery' means in particular that it is used for (bio)energy (Nedvang, 2015).  
Suitable inputs - In Table 9 the recent rates of recycling packaging materials are summarized by category 
(Nedvang, 2014). Small differences in the recycling percentage can be caused over the years by 
limitations in the monitoring (Nedvang, 2014). 
Outputs produced - Paper and board is mainly recycled as feedstock for the paper and board industry 
itself. Textile can be reused as clothing, as dusters or it can be fiberized and used in insulation felts. 
Wood is partly reused in building and construction industry, furniture industry and for production of 
particle board (Nedvang, 2014). Also, during the past years, a significant amount of waste wood is being 
used as feedstock for biomass fed power plants, which is then called ‘other useful output’. 
Economy & scale - Collection of waste paper and board in the Netherlands is taking place as small scale, 
actually it is often collected by sports clubs, etc. The value of waste paper is about 70 €/ton delivered at 
paper mill gate (Snoek, 2015). The scale for use of recycled wood in furniture, building and construction 
industry is also relatively small. For use in particle boards, the recycled wood feedstock needs to fit in the 
range of wood sources used in the particle board plant which usually operates at very high throughput of 
at least 100.000 ton/a, but going up to 500.000 ton/a. The value of waste wood is about 10 – 20 €/ton 
(Bokhove, 2013). 
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Table 9 Amounts and percentages of recycled or recovered packaging materials in the Netherlands in 2013 (Nedvang, 
2014). 
Material  2013  2012 2011 
 On market 
(kton) 
Recycling 
(kton) 
Recycling 
(%) 
Recycling 
(%) 
Recycling 
(%) 
Paper & board 1.191 1.058 89 89 89 
Wood 389 85 22 29 30 
Wood, recovery  118 30 35 44 
 
3.5.2 Alternative technologies (AT) 
 
At this moment the most attractive alternative technologies that sometimes have not yet been fully 
implemented in practice are: 
1.  Technology for upgrading biogas to Bio-LNG 
2.  Torwash upgrading  
3.  Gasification 
4.  Pyrolysis 
5.  Hydrothermal upgrading (HTU) 
6.  Technology for production of fermentable sugars  
7.  Technology for production of organic acids and fatty acids 
8.  Technology for production of furans and bioaromatics  
9.  Technology for production of PHA 
 
AT1. Technology for upgrading biogas to Bio-LNG  
Description - LNG stands for liquefied natural gas. Bio-LNG can be produced from biogas (see section PT2 
about anaerobic digestion technology) by selective extraction of CO2 and cooling to -162 °C in order to 
make the gas liquid, although some processes liquefy at -120°C (Table 8). LNG is stored in well insulated 
vessels. Because any vessel will inevitably ‘leach’ heat from the environment to the liquid LNG, the LNG 
will slowly evaporate. This is not an issue as long as the evaporation rate is lower than the consumption 
rate. However, storage over a longer time without consumption, will lead to considerable losses. 
Consequently, LNG is more suitable for trucks and coaches than for passenger cars. 
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Figure 7 Schematic representation of the upgrading of biogas to bio-LNG (source: www.cryopur.com).  
 
Suitable inputs - Biogas. 
Outputs produced - Bio-LNG that is suitable for road transport, in particular for trucks and coaches. 
Economy & scale - Bio-LNG production is made economically profitable by selling so-called biotickets. 
Suppliers of transportation fuels can meet the biofuel blending requirements by buying such biotickets. 
The market value of bio-LNG is around 0.40 €/kg. The biotickets add about another 0.40 €/kg to this 
amount (‘double-counting’). If this revenue is converted to tons of incoming material, that is about 25 
€/ton. Revenues from Bio-LNG (plus biotickets) thus provide less than the yield of biogas (plus SDE). The 
costs for production of Bio-LNG are so high that at the current market conditions hardly new players 
entering the market. The considered scale for conversion of biogas to green gas is in the range 1 – 50 
million Nm
3
 biogas/year (E kwadraat, 2011). 
 
AT2. Torwash upgrading 
Description - In the Torwash process (Table 9) the biomass is heated in the presence of liquid water. This 
creates a kind of bio-char. The hydrothermal treatment dissolves a lot of minerals in the water. This also 
provides a structural change that allows efficient mechanical water removal with which up to 60-70% dry 
matter content can be achieved. With the water the dissolved salts are also discharged. In particular, the 
removal of potassium (K) and chlorine (Cl) contributes to the quality of the fuel Bio-char. 
 
 
 
Figure 8 Torwash process scheme (source: www.ecn.nl). 
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Suitable inputs - The Torwash treatment is purely chemical, and therefore not sensitive to the biological 
condition of the raw material. By varying the conditions in the Torwash installation a great range of bio 
raw materials can be converted ranging from woody material such as prunings and hay to slurries such 
as sewage sludge (after aerobic purification), digestate, manure and potato peelings. 
Outputs produced - The fuel may be processed into pellets with a bulk dry density of 700 kg/m
3
, and 
energy density of 14 GJ/m
3
, and thus comparable with pellets of torrefied wood. The effluent contains a 
lot of dissolved components, which can be converted to biogas in a digester. The moisture from the 
digester contains dissolved minerals that can be used as a fertilizer.  
Economy & scale - There is no commercial application of this technology yet. ECN thinks to bring bio-char 
on the market for a price that can compete with wood pellets from 120-150 €/ton. The cost of making 
Torwashed roadside grass is calculated at 100 €/ton. Half of the costs are in the water treatment (incl. 
CHP), given the large amounts of aqueous effluent. In combination with an existing water treatment / 
gas engine a considerable saving can be realized. The final price strongly depends on the scale of the 
plant and the extent to which the Torwash installation can be integrated with existing waste water 
treatment plants. 
 
AT3. Gasification 
Description - Gasification is a thermal process where (dried) biomass or waste is converted into 
combustible molecules. Typically, 70-80% of the energy present in the biomass is converted into 
combustible gas. With the gas, electricity can be generated in a motor or turbine. The gas can also be 
used to co-fire in an (existing) boiler to produce steam and / or electricity. In these applications, 
gasification is a first step in a combustion process. Gasification however, offers some additional features 
where the chemical constituents of the gas are used (Figure 9). Gasification then supplies a gas with 
chemical building blocks. 
 
 
 
Figure 9 Innovative thermo-chemical conversion routes in combination with gasification (source: www.ecn.nl) 
 
Suitable inputs - (dried) biomass or waste.  
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Outputs produced - bio energy (electricity and heat). In the case of gasification of wood e.g. about 10% 
of the energy in the gas is in the form of benzene, toluene and xylenes (BTX), and 20% in the form of 
ethylene. 
Economy & scale - With a market value of 20-25 € / GJ of BTX and ethylene this provides an 
improvement of the business case in relation to the production of only electricity (about 15 € / GJ) or gas 
(about 6 € / GJ). Also, H2 and CO, corresponding to about 40% of the energy content of the gas, can be 
used for the production of, for example, methanol (approximately 20 € / GJ). At this moment, electricity 
in the Netherlands is subsidized to well above the price of chemicals such as BTX, ethylene and methanol 
(12 €cent / kWh e.g. is equal to 33 € / GJ). As a result, progress towards a biobased economy with 
chemicals from biomass is inhibited. 
AT4. Pyrolysis 
Description - Pyrolysis is a thermal process in which, in the absence of oxygen, (dried) organic material is 
thermally cracked at a temperature typically between 400 °C and 600 °C. Pyrolysis of biomass results in a 
combustible gas, pyrolysis oil and char. There are roughly three different types of pyrolysis with a 
different ratio of the three products: slow (mainly char), medium (both char and pyrolysis oil) and fast 
(mainly pyrolysis oil; Figure 10). Pyrolysis oil has an energy density which is up to 4 to 20 times higher 
than the solid biomass. The pyrolysis oil contains a wealth of valuable chemicals that can be extracted 
through biorefining. 
Suitable inputs – From an economic point of view waste streams such as agricultural waste, prunings and 
roadside grass are the most attractive feedstocks for pyrolysis. However, the high salt content of these 
types of biomass makes them less suitable for the production of high yields of pyrolysis oil for fuel 
applications. Therefore, new process routes are being developed where high value chemicals can be 
obtained from biomass through pyrolysis.  
Outputs produced - The combustible gas may be burned in order to generate process heat. Char is a 
solid carbonaceous residue and it is suitable as soil improver or as solid fuel. Pyrolysis oil can be used as 
a liquid fuel and / or as raw material for various performance chemicals. Examples of value-added 
chemicals are organic acids (e.g. acetic acid and formic acid), sugar derivatives, and various oxygenated 
aromatic compounds such as phenols. 
Economy & scale - The Netherlands is world leader with regard to the implementation of fast pyrolysis 
oil for fuel applications due to the project EMPYRO. As part of a 10-year supply contract with 
FrieslandCampina EMPYRO will produce approximately 24,000 tons of pyrolysis oil per year that will be 
used to generate part of the required process heat. 
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Figure 10 Process flow diagram fast pyrolysis (source: www.btgworld.com). 
 
AT5. Hydrothermal upgrading (HTU) 
Description - Biomass can be converted by hydrothermal upgrading (HTU®) in an oil (biocrude) similar to 
heavy fuel oil (Figure 11). HTU takes place at a pressure of 120-180 bar and a temperature of 300-350 
o
C. 
By hydrogenating this heavy fuel oil, products like diesel, kerosene, or other (chemical) end-products are 
made. By hydro-deoxygenation a large portion of the oxygen in the biomass is released in the form of 
CO2, allowing the biomass to get a higher energy density than the original biomass (Beld et al., 2001). 
The biomass also becomes fluid. The thermal efficiency is 70% - 90% (Goudriaan & Naber, 2008). 
Suitable inputs - The process can handle a diverse range of biomass, including garbage, waste from 
agriculture and wood. These streams do not have to be dry. The optimal moisture content is 25-30%. 
Outputs produced - The biocrude (45%) is a heavy organic liquid that solidifies at 80 
o
C and that is 
immiscible with water. It has an oxygen content of 10% - 18%, and a lower heating value (LHV) of 30-35 
MJ / kg, which is almost double the LHV of timber. In addition to the biocrude a gas arises (> 90% CO2, 
remainder CO), and also an aqueous phase containing 20% H2O and 10% dissolved organic substances 
such as acetic acid and ethanol. 
Economy & scale - In 2002, a pilot plant was started up at TNO for the processing of 100 kg of wet 
biomass per hour (and the production of biocrude 8 kg per hour). Until 2006 experiments were 
performed with various types of biomass waste streams, including organic waste. This technology is 
presently not being developed further. 
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Figure 11 Scheme HTU process (source: Meesters et al., 2015). 
 
AT6. Technology for production of fermentable sugars from lignocellulose 
Description - Industrial fermentation processes - like for the production of bioethanol, lactic acid and 
succinic acid - use starch or sugar as a feedstock. In Europe, these raw materials are extracted from crops 
like corn and sugar beets. Another source for fermentable sugars may be lignocellulose (waste) streams. 
These contain polysaccharides likes cellulose and hemicellulose, which are built in the lignocellulose 
complex. There are several different routes to extract these sugars from the lignocellulose complex 
(Annevelink & Harmsen, 2010; Vis et al., 2014; Meesters et al., 2015). In order to produce fermentable 
sugars (mono saccharides) from such feedstocks, the lignocellulose complex needs to be destabilised in 
order to make the polysaccharides available and allow extraction of the sugars. The routes include 
(subsequent) combination of (strong or weak) acid or alkaline conditions, elevated or high temperature, 
use of super-heated steam (Figure 12), enzymes. Most often the sugars are separated in an aqueous 
solution and the lignin fraction is removed in the solid residue. Currently, main research efforts focus on 
a reduction of the processing costs. 
Suitable inputs - Raw materials like straw from wheat and barley, corn stalks and stover, wood chips, 
ensiled nature grass and reed contain 50 - 60% polysaccharides on dry matter basis. Vegetable and fruit 
waste may contain up to 33% polysaccharides. 
Outputs produced - Sugars are released in an aqueous solution, of up to 120 g/l. These sugars are a 
mixture of glucose, xylose and others. 
Economy & scale - Several large scale pilot plants for the production of bioethanol from lignocellulose 
raw materials (2
nd
 generation bioethanol) have been established worldwide during the past years. The 
production capacity ranges from 40 - 114 million l/year (Biolife, 2013; Abengoa, 2014; POET, 2014; Iogen, 
2015; Du Pont, 2015a). The 114 million l/year plant requires about 375 kton corn stover on dry matter 
basis (Du Pont, 2015b). These plants are not yet economically profitable, however, investors are taking a 
position, anticipating improvement of the current state of the technology. End of 2014, costs for the 
production of mono saccharide sugars from lignocellulose materials at 16 - 160 kton feedstock (grass, 
reed, bagasse) scale were estimated to be in the range of 180 - 210 €/ton, including costs for capital, 
maintenance, personnel, energy, chemicals, enzymes and a bonus for selling the lignin of 150 €/ton, and 
excluding costs for raw material and profit (Meesters et al., 2015). Including costs for feedstock, costs for 
the sugars on dry matter basis was estimated to be 230-260 €/ton. The market value of a mixture of 
dissolved sugars was estimated to be 180 €/ton. Increasing the value of the lignin from 150 to 300 €/ton, 
would reduce the production costs for the mono saccharides by 100 €/ton. 
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Figure 12 Process scheme for production of fermentable sugars and lignin from lignocellulosic biomass using super-heated 
steam (SHS) (source: Meesters et al., 2015). 
 
AT7. Technology for production of organic acids and fatty acids 
Description – In analogy to the production of biogas, fatty acids can be produced from waste streams. 
Chaincraft (Figure 13) has developed a kind of biogas production process which is stopped at the point 
where volatile organic acids have been produced. These organic acids are subsequently extended to 
medium chain fatty acids. The medium chain fatty acids are not miscible with water and tend to float, 
which makes isolation an easy process. 
Suitable inputs - Feedstocks which may be digested, like vegetable-, fruit- and garden waste (GFT), green 
residues and waste water. 
Outputs produced - Fatty acids of medium chain length, which may be extended by further reduction. 
Economy & scale - Although medium chain fatty acids have a significantly higher value than biogas and 
ethanol, demand for such fatty acids is relatively small. 
 
 
Figure 13 Schematic representation of the Chaincraft process (source: www.chaincraft.nl). 
 
AT8. Technology for production of furans and bio-aromatics  
Description – Bio-aromatics, including furans, can be produced from carbohydrate and lignin containing 
heterogeneous streams (Figure 14). Bio-aromatics are of interest because they offer a sustainability 
advantage over fossil oil based aromatics. Moreover, bio-aromatics reduce the dependence on fossil oil, 
which is becoming an issue since fossil oil refinery capacity is decreasing. Several technologies are being 
developed to produce furans from (hemi)cellulose containing feedstock and to produce bio-aromatics 
from furans (Meesters et al., 2015). Bio-aromatics may be derived from lignin streams as well. The 
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presence of for instance hydroxy-groups in biobased feedstock allows the relatively easy conversion to 
specialty multi-functionalized bio-aromatics which have a higher value than basic aromatics like benzene 
and toluene. 
Suitable inputs – Lignocellulosic feedstocks containing (hemi)cellulose (e.g. waste paper & board) are 
suitable for production of furans, which may be subsequently converted to bio-aromatics. Lignin streams 
from production of paper pulp, bio-ethanol and furans is a suitable feedstock for direct production of 
bio-aromatics. 
Outputs produced - Furans and (functionalised) bio-aromatics 
Economy & scale - The developments are still in the research phase at a scale of kg/h. 
 
 
 
Figure 14 Schematic representation of conversion routes from sugar (upper scheme) and lignin (lower scheme) to bio-
aromatics (source: http://www.biorizon.eu/). 
 
AT9. Technology for production of PHA 
Description - Polyhydroxyalkanoates (PHAs) are polyesters produced in nature by bacterial fermentation 
of sugar or lipids (Figure 15). The bacterial production of PHA is a kind of biogas production process 
which is stopped at the point where volatile organic acids have been produced. These organic acids are 
then consumed by the bacteria to produce PHA. Depending on the feedstock, a wide variety of 
monomers can be included in the polymers, resulting in a wide variety of properties and performances. 
The simplest version of PHA is poly-hydroxybutyrate (PHB). The most costly step in the production of 
PHA is the extraction from the bacterial cells and the purification of the polymer material. The 
production of PHA from waste streams is being investigated in several projects. The production of PHA 
from waste streams is not yet commercially operated (Salehizadeh & van Loosdrecht, 2004; Morgan-
Sagastume et al., 2014; Valentino et al., 2014).  
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Suitable inputs - Potentially interesting waste streams include those from food industry and sewage 
treatment. Feedstocks which may be digested, like vegetable-, fruit- and garden waste (GFT), green 
residues, waste water and manure. 
 
 
Figure 15 Schematic representation of conversion route from biomass feedstock to PHA (source: Koller et al., 2012). 
 
Outputs produced - The properties and performance of PHAs depends very much on the composition of 
the monomeric building blocks, and on the polymer chain length. Properties may vary from flexible 
(rubberlike) to stiff materials (like PP), and in between (like PE). PHAs are readily biodegradable in the 
environment like soil and (sea)water, in contrast to for instance PLA, which is compostable, but not very 
sensitive to biodegradation in soil and surface water. Consequently, PHAs are suitable materials for the 
production of agricultural, catering and packaging products. Also, high value pharmaceutical and medical 
products are possible (Hazer & Steinbüchel, 2007; Chanprateep, 2010; Marshall et al., 2013). 
Economy & scale - At the moment PHAs are being produced on commercial scale on the basis of sugars. 
Production capacity was about 70 kton/year in 2011, whereas actual production was estimated only 10 
kton/year (Nova, 2013). Yet, several companies plan further increase of production capacity to a total of 
420 kton/year by 2020 (Nova, 2013). The market price of PHA is in the range 1.5 - 5 €/kg (Chanprateep, 
2010). The higher price compared to petrochemical plastics like PE and PP is only paid when the PHA 
brings additional properties like good biodegradability and gas barrier properties. Although the revenues 
of PHAs are potentially higher than those of biogas, the costs to purify PHA from sludge are also much 
higher than the cost for purification of biogas. Moreover, the extracted PHA-containing biomass has to 
be removed as a new residual flow. Especially for waste water processing plants producing PHA is 
promising. However, it should be noted that the purification of PHA from sludge will be more expensive. 
Also the application of PHAs from sludge will be limited by the origin of the raw material (with possible 
pathogens and drug residues in the primary sludge). 
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3.6 Confrontation matrix 
 
The main issue for creating adaptive circular cities is finding a match between municipal residues and 
available technology. The residues from households can be seen as a feedstock for certain processing 
technologies. The confrontation matrix in Table 9 gives an indication of the suitability of several 
conversion technologies for certain feedstocks based on expert judgement. Both traditional/proven 
technologies and innovative technologies that are still under development have been listed. 
 
The criteria used are: 
1. quality of the residual as feedstock (inputs) 
2. technical feasibility of the conversion technology for the specific residue 
3. economic feasibility of the conversion technology for the specific residue 
4. easiness of gathering sufficient residue to run the conversion technology at sufficient scale  
5. value of the products produced by the technology (outputs) 
 
In Table 10 the judgement of the suitability of a match between an original feedstock leaving the 
household and a certain technology is only made for the first processing step. In many cases this first 
process could be followed by a second, and even a third processing step. An example would be first 
processing sewer drain in an aerobic purification process, then processing the resulting sewer sludge 
with the Torwash process and finally combusting the produced pellets with combustion. In this example 
the original feedstock sewer drain is judged to be very unsuitable for the Torwash process, while the 
secondary feedstock sewage sludge is suitable. 
 
The extensive reasoning behind Table 10 can be found in the Annex I. The most promising combinations 
that are very suitable (++) are described below per household residue type. 
 
Vegetable and Fruit waste (GF-fraction) 
Composting is the current processing technology for this residual. The feedstock vegetable and fruit 
waste has a suitable moisture content for this technology, and the scale of the processing units is good. 
However, compost only has a low value. Another very suitable technology is anaerobic digestion 
optionally followed by upgrading the biogas to Bio-LNG. The suitability of the feedstock is good. This 
technology gives more revenues for the end-products, however it also leads to more processing costs. 
The CO2-impact is reduced more by this technology compared to composting, so this has a positive 
environmental effect. A disadvantage is that so far a subsidy is required for parties to proceed with this 
technology. Biotickets double-counting is needed to make this process profitable. Technological 
development is still possible. The feedstock is also suitable for the production of organic acids & fatty 
acids. This is technologically feasible and the separation of the products is reasonable (the fatty acids are 
floating on top). The produced C6 fatty acids have a high value. Finally vegetable and fruit waste is a 
suitable feedstock for PHA production, because it contains sugars and fatty acids and the process can 
handle both. The final product has a high value and the process has a high potential. However, the 
separation of end-product is still challenging. 
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Table 10 Confrontation matrix between residues from households and the possibilities of traditional and innovative 
processing technologies. 
 
Residue Type 
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Traditional/proven technology         
PT1. Composting  ++ ++ + +/- -- - -- -- 
PT2. Anaerobic digestion  
(possibly followed by AT1. upgrading of biogas 
to Bio-LNG) 
++ +/- -- +/- - +/- -- ++ 
PT3. Combustion - - ++ ++ ++ ++ ++ -- 
PT4. Aerobic purification - -- -- - -- -- -- ++ 
PT5. Recycling -- - + ++ ++ ++ ++ -- 
Innovative/still under development         
AT2. Torwash upgrading  
(followed by combustion) 
+/- +/- -- -- -- -- -- -- 
AT3. Gasification -- - ++ ++ ++ ++ ++ -- 
AT4. Pyrolysis - +/- ++ ++ ++ + ++ -- 
AT5. Hydrothermal upgrading (HTU) + + +/- +/- +/- +/- +/- -- 
AT6. Technology for production of 
fermentable sugars 
+/- + + ++ +/- + + - 
AT7. Technology for production of organic 
acids & fatty acids 
++ +/- -- + +/- +/- - + 
AT8. Technology for production of furans & 
bio aromatics  
+/- + + ++ +/- + + - 
AT9. Technology for production of PHA ++ +/- -- +/- +/- +/- -- ++ 
++ very suitable; + suitable; +/- less suitable (other technologies offer more benefits); - unsuitable; -- very unsuitable 
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Fine garden waste (T-fraction) 
For fine garden waste we assume a grass fraction and a fraction with leaves often with sand mixed 
through it. The current processing technology composting remains the only very suitable technology at 
the moment. Furthermore, fine garden waste is better for composting than coarse garden residues. 
 
Coarse garden residues 
Coarse garden residues are e.g. stumps and thick branches, with sand sticking to it. Sand can be screened 
out. The thermal conversion technology combustion is very suitable for this feedstock and it is already 
current practice for woody residues e.g. for sieve overflow of the composting process. Two other 
thermal conversion technologies, gasification and pyrolysis, are also very suitable for this woody 
feedstock. Both options are technologically feasible and the products that are generated have a 
reasonable value and replace natural gas or oil. 
 
Waste paper & board 
The current route for waste paper and board is recycling. According to the ‘Ladder van Lansink’ it is 
forbidden to combust paper. However, technically speaking the feedstock is also very suitable for 
combustion. A problem might be the ash content. The feedstock is also very suitable for gasification and 
for pyrolysis. In the last case the ash will end up in the tar fraction, which is an advantage. An alternative 
biochemical processing technology could be the production of sugars. The high cellulose content makes 
waste paper and board a good feedstock for producing sugars. However, the feedstock needs to be 
made wet, which is a pity when wet cellulose streams are sufficiently available. The feedstock is cheaper 
than beverage cartons, and does not contain plastics. The sugars end up in slurry and can only be used 
for the production of ethanol and not for other products with a higher value. Finally the production of 
furans & bio aromatics is very suitable as an alternative technology that also uses the sugars. 
 
Textile residues 
Recycling is the current processing method for textile residues. It is technically possible and has the 
highest added value. About 39% of the collected textiles is reused to wear again, 12% is used for cleaning 
cloths (garages, machine factories, printing offices, the army and railroads), 13% for fibre based 
insulation non-wovens (blankets, felt for soundproofing and yarns for carpets) and the rest for 
combustion or unknown (export) (Allesduurzaam, 2015). About 130 kton of clothing ends up in the ‘grey 
bin’. Textile residues are also a suitable feedstock for gasification, which also processes the plastic 
fraction of the textiles. The high organic fraction, either bio or fossil based, also makes it a very suitable 
feedstock for pyrolysis. Metals (e.g. zippers) remain in the char and when this is combusted later on it 
can be recycled. 
 
Beverage cartons 
For this feedstock recycling as packaging board is a very suitable option. The number of pilot plants for 
recycling is increasing in the Netherlands at the moment. Unfortunately recycling to food quality paper & 
board is not an option, because only virgin quality feedstocks are allowed for that type of use. 
Furthermore the feedstock is very suitable for combustion, where the aluminium remains in the slag and 
for gasification.  
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Wood residues 
Especially feedstock A-grade wood is very suitable for recycling e.g. into particleboard, or for furniture, 
building and construction sectors. Especially feedstock B-grade wood is very suitable for combustion. The 
presence of preservatives in feedstock C-grade wood needs special cleaning measures. Furthermore the 
feedstock is very suitable for gasification and pyrolysis. No technical problems are to be expected. 
 
Sewer drain 
Aerobic purification is the current processing technology for sewer drain. It can be combined with 
recovery of minerals from the waste stream (e.g. struvite). Anaerobic digestion is current practice for 
primary sludge (COD that can be removed via settling) after aerobic purification. Currently developments 
are to send even more dissolved COD to the digester with high load aerobic treatment. Especially for 
waste water processing plants producing PHA is a promising alternative technology. However, the 
purification of PHA from sludge will be more expensive. The application of PHAs from sludge will be 
limited by the origin of the raw material (with possible pathogens and drug residues in the primary 
sludge). 
 
3.7 Conclusions 
 
The relations between household inputs, outputs, conversion technology options and final products are 
shown in Figure 16. 
 
The range of food products that enter a household is very broad. At the moment, losses of all these 
different food types are either not separated at all from other domestic residual waste streams (50%), or 
they are collected separately (50%) but then combined all together in one heterogeneous GFT-residue 
stream. Further separating some of the important constituting residue components (like vegetables, 
fruits, bread or coffee grounds) from the heterogeneous GFT-residue stream will improve the 
technological options for processing towards biobased products with a higher added value. However, the 
economic feasibility of this route should also be assessed of course, since many technologies might be 
too expensive to date. 
 
Next to traditional proven technologies for valorising (biogenic) waste or converting it to safely 
disposable streams, alternative processing technologies have recently been introduced or are still being 
developed. These alternative technologies will enable new waste-to-resource options compared to the 
traditional processing technologies. The alternative technologies have the potential to deliver biobased 
products with a higher added value, both materials & chemicals like 2
nd
 generation fermentable sugars, 
organic acids & fatty acids, furans & bioaromatics and PHA and also intermediate energy carriers like bio-
LNG, syngas, pyrolysis oil and HTU biocrude oil. 
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Figure 16  Relations inputs, outputs, technology options and final products. 
 
The confrontation matrix is a support tool to get a first impression of a match between an available 
residue stream and the available processing technologies, both traditional and alternative. The most 
promising technologies for the various residues are (in order of discussion in Table 9; italic means the 
current processing method): 
 vegetable & fruit waste (GF) – composting, anaerobic digestion, production of organic acids & fatty 
acids and production of PHA 
 fine garden residues (T) – composting 
 coarse garden residues – combustion, gasification and pyrolysis 
 waste paper & board – combustion, recycling, gasification, pyrolysis, production of fermentable 
sugars and production of furans & bio aromatics 
 textile residues – combustion, recycling, gasification and pyrolysis 
 beverage cartons – combustion, recycling and gasification 
 wood residues – combustion, recycling, gasification and pyrolysis 
 sewer drain – anaerobic digestion, aerobic purification, production of PHA 
 
It will always be necessary to find the optimal scale (household, district, city or even region) for an 
alternative processing technology, based on factors like the available amount of feedstock, the quality of 
the feedstock and the processing costs. And then, in some cases, it will still be (very) difficult to make an 
alternative technology economically feasible. On the other hand, future developments may improve the 
feasibility of alternative technologies. 
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4 Other residues: non-biogenic or non-urban residues 
4.1 Introduction 
 
This chapter is about waste-to-resource options for non-biogenic or non-urban residues. As explained in 
chapter 1, these streams are described less extensively than the biogenic streams. First the stream of 
plastics and technological solutions for the disposal of plastic are discussed in section 4.2. Then the 
stream of glass from households is described in section 4.3. Next, the technological options for ash from 
incinerated municipal solid waste (MSWI) are shown in section 4.4. The next sections are about non-
urban residues: woody material (4.5) and manure (4.6). These non-urban streams of waste are discussed 
because these flow can be combined with urban waste streams. In section 4.7 a confrontation matrix 
describes the match between waste streams and the available technology options.  
 
4.2 Plastic 
 
In the Netherlands, as of 2010 recycling of plastic from household waste is mandatory. In 2012, 6 kg of 
plastic packaging per person was collected separately and recycled, and 18 kg of plastic per person was 
still in the mixed household waste (Milieucentraal, 2015) which is incinerated. The expectation is that 
the amount of recycled plastic will grow, and consequentially the amount of incinerated plastic will 
decrease. In addition, from 2015 separate collection of food & drinking cartons is stimulated (Afvalfonds, 
2014).  
 
Technological solutions  
Recycling 
Description – Depending on type of plastic, there are two main processes of plastic recycling: chemical 
and mechanical. It is assumed that chemical recycling is only done by (very) large companies, such as in 
the case of food & drinking cartons.  
Suitable inputs – plastic, metal, glass
1
. 
Outputs produced –Plastic, metal and glass are recycled and used for different products. 
Economy & scale – Plastic recycling is already very well established business in the Netherlands, and 
there are many companies involved in plastic recycling. Table 11 gives an overview of companies that 
recycle plastic in the Netherlands.  
 
 
 
 
                                                                
1 Paper, wood and textile are described in the previous chapter 
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Table 11  Companies that recycle plastic in the Netherlands (NRKRecycling, 2015) 
Company Location 
Daly Plastics Zutphen 
Inverko NV Leek 
Ovimo plastics Almelo 
Virol / WPT CV Scheemda 
AKG Polymers B.V Vroomshoop 
Cumapol  Zevenaar 
Morssinkhof Rymoplast Lichtenvoorde 
De Paauw Plastic Recycling + Rodepa Plastic Hengelo 
Van Vleuten Kunststofindustrie BV Gemert 
Hummel Recycling bv Leek 
Kras Recycling Volendam 
Kunststof Recycling Van Werven Oldebroek 
Morein bv Denekamp 
PHB Plastic Herverwerking Brakel bv Waalwijk 
SITA Papier Recycling and Trading Soesterberg 
Thans Plastics Gemert 
Sortiva papier en kunststofen Sneek 
Lankhorst Engineered Solutions product bv Sneek 
Van Kaathoven Logistics bv Sint-Oedenrode 
 
 
3D printing 
Description - Another way to use plastic after being recycled is in 3D printing.  
Suitable inputs - 3D printer can create objects from different materials: plastic, ceramic, glass, metal (see 
Figure 17). 
Outputs produced - wide range of products both at households and at an industrial level.  
Economy & Scale - It is an innovative technology, so the scope and economy are still unknown, and 
would need to be further explored. Currently 3D printing is a very small part of the industrial world 
market: 0.01%. In 10 years this could be 0,048%  (Neeleman, 2013). 3D printing plays a growing role in 
chains where flexibility, personalization and adaptability play a big role. Through the small market share 
of 3D printing is not likely that the next 10 years 3D printing will have a significant impact on the major 
waste streams of plastics. 
 
Figure 17 3D printer (Source: 3D printers Australia, 2015) 
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4.3 Glass 
 
From about 450 million kg of used glass in the Netherlands, 350 million kg is separately collected and 
later recycled which is around 80% (Nedvang, 2015).   
 
Technological solutions  
Recycling 
In the Netherlands recycling is well-established management solution for used glass; nevertheless reuse 
is even a better way in terms of circularity.   
 
3D printing  
Same as above on plastic. 
 
4.4 Municipal Solid Waste Incinerated (MSWI) ash 
 
From incineration two types of ashes are produced: bottom ash and fly ash. In the Netherlands 1.60 
million tons of MSWI bottom ash (PWC, 2015) are produced yearly and 0.09 million tons of MSWI fly ash. 
The Dutch government has an ambition for 2017 to have half of the ashes be converted directly into 
products and 100% for 2020  (Rijksoverheid, 2012). Those ashes could be used for example for roads or 
as additive for immobilisation processes. At the moment and according to the Soil Quality Regulative (In 
Dutch: Besluit Bodemkwaliteit) incineration ashes can only be used as construction material for roads (in 
Dutch IBC-bouwstof) if a specific protection against leaching is applied. The overall goal is to improve the 
quality of bottom ash in order to apply the secondary raw material without insulating measures. 
Currently the waste incineration sector is already using dry and wet separation processes to treat the 
MSWI bottom ashes (PWC, 2015). 
 
Technological solutions  
Description – it is a process which converts bottom ashes from waste incineration plants to a useful 
product, such as building material in roads and binding material in concrete. This process results in a 
mineral residue which can be used a building material and a dry waste material or wet sludge which has 
to be landfilled. Separate from the municipal waste, ash from paper waste can be used to produce 
cement.    
Suitable inputs  - bottom ash from municipal solid waste incineration (MSWI) plants 
Outputs produced -  building materials for roads or to be applied in concrete. 
Economy & scale – There are already some companies processing the ashes, for instance Heros Sluiskil 
B.V. (Remondis part of Rethmann Groep) which processes 0.6 million tons of ashes. AVR in Duiven uses 
ashes resulting from incineration of paper and produces TopCrete®, a high-value cement. 
 
4.5 Woody biomass 
 
The forestry sector can deliver more renewable energy in the future (Boosten & Oldenburger, 2014). It is 
expected that the amount of available biomass can grow from 917 to 1,083 kt. With additional measures 
in 2020 and 2050 an amount of 1,450 and 2,228 kt is expected. An overview of the current biomass 
power-plants can be found at: www.avih.nl/biomassakaart/. Woody biomass has the similar conversion 
technologies as woody residues described in section 3.9. Compared to wood residues from municipal 
wastes (as discussed in Chapter 3), woody biomass from forests and agricultural areas is relatively clean. 
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Technological solutions 
 
Combustion 
Combustion as technology has been already explained with previous Chapter  (PT3 Combustion). 
 
Cardboard production, panel & board production, etc. 
Description –waste streams can be used to create packaging, for instance from residues from 
greenhouses (such as tomato and paper waste) or woody residues (cuttings of wood or reed-grass). It is 
an innovative solution which shortens the cycle of a product by avoiding the step of waste processing.  
Suitable inputs - greenhouse waste (such as tomato and pepper waste) woody residues (cuttings of 
wood) reed-grass. 
Outputs produced – sustainable packaging. 
Economy & scale – See PT5 Recycling on p.17 of this report. At present, companies are evaluating the 
commercial options for production of cardboard and panel & boards based on several agro residues. 
4.6 Manure 
 
The Netherlands has a surplus of animal manure and it presents one of the biggest waste streams in the 
country. The amount of animal manure created in 2014 was 73,000 kt, from which about 25% needed to 
be processed (exported etc.) (CDM, 2015). Manure processing is strongly regionally distributed, and 
concentrated mostly in the South of the country (see Figure 18), as this is the region with large share of 
livestock production. 
   
 
Figure 18 Manure processing locations in the Netherlands (Mestverwerkingloket & Bureau Mest, 2015) 
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Technological solutions 
Description – Various technologies are used to process manure, depending mainly on moisture-content. 
The costs of some often used techniques, such as pasteurisation, separation, drying, composting or 
membrane filtration vary between 2 and 60 euros (LR-WUR, 2014). Though the processing technologies 
of manure include combinations of several processes, those processes could be roughly divided into 
physical, biological, and chemical. Physical processes are pasteurisation, mechanical separation, 
membrane filtration, drying and incineration. Under biological processes digestion and composting could 
be included, and chemical processes are: precipitation, stripping of ammonia, and coagulation.  
Suitable inputs – Animal manure. 
Outputs produced – As a result of various manure processing technologies, as well its combinations, 
different manure-based products are created. Table 12 summarises different manure-based products as 
result of the current manure-processing installations in the Netherlands; the amounts are given for 2014 
and 2015, in million kg of phosphate. 
 
Table 12 Manure processing capacities in NL per type of product in million kg of P2O5 (Mestverwerkingloket & Bureau Mest, 
2015) 
 
Products 2014 
(million kg) 
2015 
(million 
kg) 
Increase (+) 
Decrease (-), 
No change (0) 
Manure pellets (90% DM) 1.653 2.569 + 
Ash (max 10% organic matter) 9.172 9.235 + 
Pasteurized solid fraction of manure 0.555 0.750 + 
Pasteurized liquid fraction of manure 0.240 0.260 + 
Pasteurized digestate 0.717 0.565 - 
Pasteurized solid fraction of digestate 1.207 2.465 + 
Untreated liquid fraction 0 0 0 
Untreated solid fraction of manure 0.015 0.015 0 
Dried manure 0.025 0.050 + 
Dried digestate 1.023 1.303 + 
Composted manure 2.219 3.090 + 
Other types of manure 0.006 0.006 0 
Total 16.835 20.308 + (3.473) 
 
Economy & scale - The best-available-techniques have been extensively described for instance in 
Feyaerts et al. (2002), therefore here only the cost and inputs of the most important techniques are 
mentioned (Table 13). 
 
Table 13  Overview of manure-processing technologies (LR-WUR, 2014) 
Technology Input 
Costs 
euro’s per ton Products 
Pasteurisation Slurry 5-10 Slurry that can be exported 
Mechanical separation Slurry 2-6 Solid and liquid fraction 
Drying of manure/digestate Solid manure 50-60* Dry manure, waste water 
Drying of manure Slurry 40-60* Dry manure, waste water, N-concentrate 
Composting Solid manure 35-40 Compost, waste water 
Membrane filtration Slurry 9-13 NK-concentrate, solid manure 
Incineration Solid manure n.a. Ashes to be exported or used for P recovery 
Extraction of P Ash n.a. P fertilizer, waste 
* if heat from digestion or other means is used, costs can be lower. 
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Various technologies have been implemented at small and medium scale, while technologies for large 
scale manure processing are being developed (Schoumans et al., 2014). Important innovations for large-
scale recovery of phosphorus are the recovery of phosphorus from incineration ashes by Ecophos 
(NutrientplatformNL, 2015), and the technology to extract phosphorus from slurries (Schoumans et al., 
2014). 
 
4.7 Confrontation matrix 
 
This chapter gives a matrix of matching residues and technologies as discussed in previous sections of 
chapter 4 (Table 14). For woody materials see Table 10.  
 
For plastic and glass the proven solution of recycling remains the most suitable option. For MSWI ashes 
the most suitable option is the production of construction materials. For manure and sludge chemical 
recovery of nutrient are the most promising technology.  
 
Table 14 Confrontation matrix between residues and the possibilities of traditional and innovative processing 
technologies2 
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Traditional/proven technology      
Recycling ++ ++ -- -- -- 
Production of construction material with protection against 
leaching 
-- -- + -- - 
Mechanical separation/drying/incineration +/- - -- ++ ++ 
Innovative/still under development      
Production of construction materials after wet/dry washing 
processes 
-- -- ++ -- -- 
Chemical recovery of nutrients -- -- + ++ ++ 
3D printing ++ ++ + -- -- 
++ very suitable; + suitable; +/-  less suitable (other technologies offer more benefits); - unsuitable; -- very unsuitable; 
? not known 
  
                                                                
2 Excluded are the waste streams from households as those are discussed in Chapter 3. 
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5 Scenarios 
5.1 Basis for the scenarios 
 
As already mentioned in Chapter 2, circular economy involves many different components and factors. 
We have identified three important factors which could have a large impact on the pace and direction of 
the implementation of circular economy principals in general: 
1) Governmental effort  
2) Industry effort  
3) Technology developed 
Governmental efforts  
Determination to make a change is reflected in type and quantity of policy instruments implemented. 
There are different types of policy instruments a government can apply for instance regulatory 
instruments (such as norms and standards), economic instruments (such as taxes and subsidies), 
research and educational instruments, cooperation instruments (such as technology transfer) and 
informational instruments (such as eco-labelling) (GTZ/CSCP/Wuppertal-Institute, 2006). The EU as well 
the Dutch government already have made some steps towards circular economy, such as the already 
mentioned (Chapter 2) policy targets on waste recycling and incineration.  
 
Industry efforts 
To get a company involved a clear determination of the company is needed. This determination is also 
much dependent on an economical aspect of a change/implementation of a certain technology; it should 
bring economic benefit to a company in short term (or long term seen as investment) or at least should 
not cause any additional costs.  
 
Technology developed 
Technology plays an important role in realisation of concepts behind circular economy. Development of 
technological solutions and also its implementation is dependent mainly on profitability and 
governmental incentives (thus governmental determination). The profitability of a technology is based 
on market-needs and usefulness of products it delivers.  
 
These three factors are interdependent and influence each other, especially governmental and industry 
determination is considered to have a big impact on the pace of technology development. Therefore, 
having governmental and industry determination as the most influential factors, we developed four 
generic scenarios which are explained in the following section of the report.  
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5.2 Scenarios 
 
Table 15 summaries the scenarios based upon ambition of the government and the industry.  
 
Table 15 Scenario’s based upon efforts of the public & government and the industry  
 
 Industry 
Efforts   low high 
Government & Public low No ambition Product oriented 
high Waste oriented  Co-creation 
 
No ambition 
In this scenario the ambition of the public government and industry is limited and only general 
regulations are set to the public and the industry. The involvement of the public and government is low 
which results in limited improvement of waste separation and energy saving. The industry is only  
oriented to proven technologies and new products are not being developed. It results in a limited 
innovation, thus application of only well-established technologies and products. 
Waste oriented 
In this scenario the public and the government are strongly involved in waste separation and energy 
saving to implement the concepts of circular economy and cascading which contributes to better waste 
separation. Zero waste targets are in place and recycling is stimulated by the government. The industry 
changes towards new inputs, but does not implement new technologies nor develops new products, but 
it rather focuses on profitable well-established products.  
Product oriented  
In this scenario the public and government are not strongly involved in the implementation of circular 
economy concepts but the industry shows a high level of determination to implement new technologies. 
The involvement of the public and government is limited resulting in limited improvement of waste 
separation and energy saving. The industry implements new technologies and search for synergies which 
leads to new profitable products. Although it results in a limited change of inputs, the industry is able to 
implement various new techniques and to show innovative products available on market.   
Co-creation 
In this scenario both government and industry have ambitious environmental targets and are very 
involved with waste separation and energy saving. The high involvement of the public contributes to 
better waste separation and efficient energy usage. The government uses all possible instruments to 
implement the concepts of circular economy and cascading in combination with environmental targets. 
The industry invests into new technologies which leads to creation of new products based on circularity 
principals. It results in a change of inputs, implementation of new techniques and in innovative products 
on market.  
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6 Case study InnoFase 
6.1 Current situation  
 
InnoFase is an industrial-park of 60 ha, located in Duiven in the eastern part of the Netherlands. InnoFase 
has a goal to become the most sustainable industry-park in the Netherlands. It’s focus is circular 
economy and cascading, where the output of one company is used as input for the other (InnoFase 
2015). There is still about 14 ha of space at the park, available for new companies. InnoFase would like to 
attract companies which could bring further synergies in circularity of the whole industry-park. 
 
 
Figure 19  InnoFase in Duiven (InnoFase, 2015) 
 
In November 2013, Waterschap Rijn en IJssel (WRIJ), the municipality of Duiven, Alterra Wageningen UR 
and WU Social Sciences (Management Studies) signed an agreement for further sustainable and regional 
development. One of the results of this cooperation is a report written by Duisterwinkel et al. (2014): 
“Enhancing industrial sustainability of InnoFase”. The report describes the current status at InnoFase into 
details, as well it analyses inputs and outputs for each company located at InnoFase. Some of the results 
are given in Annex 2.  
 
Since then Topell, which applied torrefaction to process wood waste, discontinued operations for 
financial reasons. Also there was an opportunity that “ABC Board Company” would establish one of its 
facilities at InnoFase to produce eco-boards from biomass such as roadside grass, tomato, sweet pepper-
waste, cuttings of wood and reed. However, this plan was not realized so far.  
 
Companies currently (end 2015) located at InnoFase are: AVR, Bruins & Kwast, Meteor Systems, 
SITA/Suez, LNG Solutions , Waterschap Rijn & IJssel, and Salland Olie. The locations of these companies 
are shown in figure below (Figure 20).  
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Figure 20 Map of the industrial area InnoFase in Duiven (Duisterwinkel et al. 2014 and adapted) 
 
Some characteristics of the companies are summarized in Table 16.     
 
Table 16 Overview of companies currently located at InnoFase (based on Duisterwinkel et al. 2014, updated) 
Company Description of the core 
business 
Input Output 
AVR Waste processor: 
incineration of MSW; 
Composting 
378 kton of waste;  
152 kton paper residue;  
50 kt of green waste 
From waste: 93 GWh electricity and 
862 TJ heat;  
TopCrete® (cement), 
26 GWh electricity; 
56 TJ heat; 
14.7 kton of compost 
Bruins & Kwast Produces out of green- 
and wood materials, 
secondary (bio) fuels and 
materials.  
Wood, green and garden 
waste 
Compost, 
Fuels from biomass, 
> 40 kt product 
Meteor Systems Produces an assortment of 
growing systems related 
to horticulture 
Energy  
Several materials 
Garden and horticulture systems 
(such as growing gutters, irrigation 
systems, plastic tunnel) 
SITA/Suez Specialised in waste 
collection and transport  
Transport service no 
product 
 
LNG Solutions  Sister company of Sita, 
supplies LNG to road and 
sea transport companies 
LNG LNG  
Waterschap Rijn & 
IJssel (WRIJ) 
Purifies sewage water 
from the nearby area 
Sewage Biogas for iown usage 
Water for AVR 
Salland Olie Gas station (resale, not a 
producer or processor) 
n.a.  
 
Currently, there are already several forms of synergy at InnoFase. Meteor Systems uses heat from AVR, 
WRIJ uses warm water from AVR, SITA/Suez collects paper, plastics and other waste from Meteor 
Systems. WRIJ uses electricity from its own production.  
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With this data as a base, we have examined what outputs could be used in an alternative way. We also 
identified potential companies that could be located at InnoFase to contribute to the goal of symbiosis 
and circularity.   
 
6.2 Feedstocks and options for InnoFase 
 
Woody biomass 
At InnoFase, the companies Bruins & Kwast and Meteor Systems have wood products as output. There 
are various innovative techniques for converting woody biomass as mentioned in previous Chapters. 
Another fact that could be relevant for InnoFase is that increased amounts of woody biomass are 
expected to become available in the future in the region. Also, since transporting biomass is costly, local 
processing of biomass would lead to the highest economic and environmental gains. The application of 
torrefaction for instance, as previously done by Topell, makes transport to other locations cheaper. In 
addition, pyrolysis, gasification, hydrothermal upgrading could be interesting technological solutions for 
InnoFase to process the woody waste, and also technologies for production of fermentable sugars, 
furans & bio aromatics. 
 
Other examples of woody biomass conversion in the region which could be relevant for InnoFase: for 
instance, Parenco (in Renkum) uses clean biomass for energy and the biomass energy plant De Vallei in 
Ede will deliver steam to plastic foam industry. Similar options can be evaluated for the woody material 
of Bruins & Kwast in a biomass energy system at InnoFase.  
 
Symbiotic opportunities for new industries 
Companies that would apply the above mentioned technologies: torrefaction, pyrolysis, gasification, 
hydrothermal upgrading, or technologies for production of fermentable sugars, furans & bio aromatics.  
 
Other organic waste 
Organic waste is an output of the processes at Bruins & Kwast; currently this biomass goes to an energy-
producing company. Another possibility is to use this output as feedstock in bio-refinery processes for 
different products, such as fermentable sugars, organic acids, fatty acids, furans & bio aromatics, and 
PHA. 
 
Symbiotic opportunities for new industries 
Bio-refinery production of for instance, fermentable sugars, organic acids, fatty acids, furans & bio 
aromatics, and PHA. 
 
Metal 
Metal is an output from AVR (iron) and Meteor Systems (scrap stainless steel/aluminium, iron), which is 
sent to be recycled or traded. In case of Meteor Systems it is sold to a metal recycling organisation in 
Dordrecht. Thus, there is a potential to process this metal at InnoFase, by a company that could recycle 
and even produce some metal-based products (also maybe products useful to Meteor Systems).  
 
Symbiotic opportunities for new industries 
Metal recycling/processing company that also produces metal-based products (which could create a 
synergy with Meteor Systems). 
 
Plastic 
Meteor Systems has plastic as an output, which is currently taken by SITA, and transported further to 
another location to be processed. An opportunity for InnoFase is a plastic-recycling company processing 
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on site or a company producing plastic-based products. This is an opportunity for InnoFase, because it is 
expected that the amount of separately collected plastic will increase. Some companies are already 
located in the region of Arnhem, for instance '4PET Recycling' which recycles 25 kt of PET per year.  
 
Symbiotic opportunities for new industries 
Plastic-recycling companies which could also make new plastic-based products. For instance, this could 
be an new symbiotic relationship with the firm Meteor Systems, which produces greenhouse-
installations.  
 
Ash 
Ash is an output of AVR; this could be used in building or roads; in addition, it could be considered to be 
used in 3D printing technologies, however this is to be further investigated.  
 
Symbiotic opportunities for new industries 
A company that would make building materials from ashes; company which would apply 3D printing 
technologies and create some innovative materials and products.   
 
Waste water 
Bruins & Kwast and WRIJ can deliver water with nutrients what can considered to be used for algae 
production. Algae present sustainable opportunities for food and feed production but also a basis for 
some highly valuable products. The economy and scale would need to be further explored.  
 
Symbiotic opportunities for new industries 
Algae production, with an array of (highly) valuable products.  
 
Manure and sewage sludge 
Manure is not an output from any company currently located at InnoFase, however it could be an 
interesting component for the future development of InnoFase. The reason is that the capacity of 
manure treatment in the Eastern part of the Netherlands is far below its needs. Thus, it is necessary to 
increase the capacity of manure processing in this region (Utrecht-Oost, Veluwe, Salland and 
Achterhoek) (Mestverwerkingsloket & Bureau Mest 2015). Also the high cost of manure processing (e.g. 
20 €/m
3
 of pig slurry) and the  growth of the amount of livestock manure will probably lead to the 
development of new and cheaper technologies for manure processing (such as drying separation and 
export of concentrated fertilizer N and P).  
 
A shift is also visible in the type of products which are being produced from manure; there is a strong 
increase (doubling) of exports of the pasteurised fraction of digestate, dried digestate and composted 
manure (Mestverwerkingloket & Bureau Mest, 2015). This shows that there is a trend towards more 
professional manure-processing companies which can transport their products cost-effectively over 
longer distances. This development is at the expense of exports of pasteurized slurry and liquid digestate 
which are less profitable (Mestverwerkingloket & Bureau Mest, 2015) 
 
Thus, one of these manure processing technologies could also be located at InnoFase. Especially because 
a source of heat is already available, namely from AVR, and thus it could be used to dry manure. This 
synergy is already being implemented in some other places, for instance, near Coevorden a manure-
processing plant is being built near the waste incinerator EVI (EVI, 2015). The heat produced at EVI will 
be used to dry 100 kton of solid-manure fraction. This dried animal manure will be later exported to 
Germany by rail. A similar initiative has been taken by Twence to process about 250 kton of manure per 
year.  
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Another interesting option for InnoFase is something that is currently being done by  “Groot Zevert 
Loon- en Grondverzetbedrijf”, an innovative company in Beltrum. They are developing a process in which 
all manure is treated to produce concentrated nitrogen and phosphorus fertilisers that can be easily 
exported, and the rest is an organic-rich animal manure with less minerals, which can be used locally 
(Schoumans et al., 2014). Another example of innovative technology is the production of concentrated 
nitrogen fertiliser from sewage sludge (Ellenbroek, 2008), during the composting of sewage sludge 
(Bisschops, 2010). This is done by GMB, a company located in Tiel and Zutphen, which also produces 
concentrated NP fertilisers from urine (Bisschops, 2010). As sewage sludge is output of WRIJ this 
production of nitrogen fertiliser could be one of the options on Innofase.   
 
Symbiotic opportunities for new industries 
A company that would process manure by applying of some of the technologies (as explained with 
Chapter 4), for instance producing dried manure for which the heat of AVR could be used; a company 
that would extract NP from manure and sludge and produce NP fertilisers from it.  
 
6.3 Scenarios for InnoFase 
 
In this subchapter we describe three possible futures for InnoFase. These are based on the scenario’s, 
described in Chapter 5. As time horizon we have chosen a period of 10 years from now, i.e. 2025.  
 
No ambition 
In this scenario, within the coming 10 years, nothing will change substantially at InnoFase. New 
industries will be established at InnoFase, but will have no symbiotic relationships with each other or 
with the existing companies. They will not contribute to circularity. This scenario is not described further.  
 
Waste oriented scenario 
In 2025, InnoFase is the recycling centre of the Arnhem region, and it is a place where raw materials and 
energy are produced. Figure 21 graphically presents InnoFase in the future according this waste oriented 
scenario, summarising the feedstock (input) and product (output) flows.  
 
In this scenario, the national government has zero-waste targets and stimulates the collection and 
processing of waste (WM). These targets are met and all materials are re-cycled. The governmental 
target of zero-waste also has an effect on the waste incineration (WI) plant from 2015, which is now 
complemented with biomass conversion plant (biomP)  which uses mainly woody biomass to produce 
heat and electricity; the woody-biomass is sourced from the region.  
 
Because  in 2015 there was a shortage of manure treatment plants in the eastern part of the 
Netherlands, InnoFase now (2025) has also a manure-processing plant (ManuP) that treats the manure 
surplus of the region. It converts manure into manure-based products which are exported. The heat 
produced from the waste incineration and bio-waste conversion plant is used to dry manure. Various 
processes at the waste water  treatment plant (WWTP) are integrated with other plants to produce 
biogas. 
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Figure 21 Waste oriented scenario. Abbreviations: waste management (WM), waste incineration (WI), waste water 
treatment plant (WWTP), green waste management (GWM), gas hub (GH), Manure treatment Plant (ManuP), Biomass 
energy Plant (biomP). 
 
To increase sustainable transport, and specifically transport of waste to and from InnoFase, a gas hub 
(GH) is established. Here natural gas, produced from the anaerobic digestion of green wastes and animal 
manure using well-known Green Waste Mangement (GWM) techniques, is collected and is upgraded to 
LNG. The heat is used to produce manure pellets. 
 
Product oriented scenario 
In 2025 InnoFase is an industrial zone which produces a large array of products, such as PHA and sugars 
from waste (PolyP). Figure 22 shows a graphical presentation of the inputs (feedstock) and outputs 
(products) of InnoFase according to this scenario. 
 
The waste incineration (WI) plant has a cooperation with other industries that use steam. Also valuable 
minerals from the sewage streams are extracted and are used to produce fertilisers. Phosphorus and 
nitrogen from manure are partly recovered to solve the manure surplus problem of the eastern part of 
the Netherlands, and are being exported as valuable mineral fertilisers (ManuP), improved compost 
products are also being produced here, in combination with other fertilisers.  
 
The waste collection (WM) and sewage collection is the same as in 2015, but the industry is using 
innovative treatment methods to obtain more valuable products and less waste. The waste incineration 
(WI) plant uses technologies to treat its incineration ashes so that these are used in building of roads 
without liners, as well it has partnerships with different companies to use its heat and steam.  
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Figure 22 Product  oriented scenario. Abbreviations: waste management (WM), waste incineration (WI), waste water 
treatment plant (WWTP), green waste management (GWM), gas hub (GH), Manure treatment Plant (ManuP), Polymer 
Plant (PolyP). 
 
The green waste is being converted into compost, biogas, heat and energy using the efficient techniques; 
thus here green waste conversion plants are located (GWM).  
 
A shortage of manure treatment plants in the eastern part of the Netherlands in 2015 is now partly 
solved. Manure is processed here, at InnoFase. Phosphorus and nitrogen are partly being recovered from 
animal manure, which are transformed to valuable fertilisers to be exported. The remaining part is 
applicable to be used locally (in the Netherlands).  
 
The problem of the sewage sludge waste is solved by new techniques. The value of the compost is 
enhanced as it is now used as cow-beds and in potting industry (ManuP). Some innovative products are 
produced from the bio-waste, products from A-grade wood, PHA from vegetable and fruit waste, sugars 
or furans & bio aromatics from waste paper (PolyP).  
 
Co-creation scenario 
In 2025, InnoFase is a sustainable industrial zone including knowledge-intensive activities; it produces a 
full array of products derived from residues from the region and the processing of materials and energy 
is aligned with environmental and efficiency targets.  
 
Figure 23 shows a graphical presentation of the inputs and outputs InnoFase in the future according to 
this scenario. 
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Figure 23 Co-creation scenario.Abbreviations: waste management (WM), waste incineration (WI), waste water treatment 
plant (WWTP), green waste management (GWM), gas hub (GH), Manure treatment Plant (ManuP), Biomass energy Plant 
(BiomP), Polymer Plant (PolyP). 
 
Besides plants to process sewage sludge (WWTP), biomass (BiomP) and animal manure (ManuP) for 
heat, biogas, minerals, gas, also innovative processes are applied to produce fertilisers and improved 
composts, such as for instance biochar and recycled nutrients (ManuP). Waste waters are used for algae 
production. Various high value products are produced, such as PHA from vegetable and fruit waste,  
organic & fatty acids, furans & bio aromatics from waste paper (PolyP). As 100% of the waste from 
households and industry from the region are recycled in this scenario, InnoFase became a hot-spot for 
knowledge-intensive energy-waste treatment, including bio-refineries (PolyP) which create high value 
products from waste streams. Innovative technologies are applied to efficiently produce different 
products, by using locally available material and energy streams.  
 
Targets to reach zero-waste and other environmental targets are met by implementing innovative 
processes with a high efficiency. The collection of a large variety of wastes from households and industry 
is partly recycled locally (WM), which gives opportunity for companies to recycle these waste streams 
(plastic, metal, paper, textile, glass) and to make products from it. The zero-waste target of the 
government results in much less regional waste to be incinerated (WI) and less organic-kitchen waste. 
More wood and woody organic materials are obtained from forest, agriculture and cities. Additional heat 
and electricity is produced by an efficient biomass conversion techniques; such as gasification, thus a 
biomass conversion plant for power and heat is located here (BiomP). Sewage sludge (WWTP), wet 
organic residues and animal manure are converted into energy and manure-based products, by 
anaerobic digestion, thus a manure processing plant is in place, which uses anaerobic digestion. As 
result, biogas and heat are produced here.  
 
A shortage of manure-treatment plants in the eastern part of the Netherlands that was a problem in 
2015, is now solved as a manure treatment plant (ManuP) is located at InnoFase. Innovative techniques 
to extract minerals from the manure are applied, which is exported as concentrated fertilisers, while the 
organic-rich manure is used locally by the farmers.  
 
To increase sustainable transport, and specifically transport of waste to and from InnoFase, bio-LNG is 
used (GH). The bio-LNG is being produced from the anaerobic digestion of green wastes and animal 
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manure, which means that facilities for conversion of animal manure to biogas and heat are now present 
here. Agriculture products, and specific organic residues from households are used to produce various 
high value products (bio-refinery: PolyP).  
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7 Conclusions and discussion 
One of the principles of a circular city is: from waste to resource. This principle implies that final products 
which (potentially) can be obtained from residues need to be leading in the design of circular systems for 
waste disposal. To make this principle a reality, more knowledge about promising technologies and their 
application is needed. This report describes several promising technologies, which  are summarized in 
the next paragraph. Subsequently it will be discussed how these technologies can contribute to the 
realization of a symbiotic industrial estate and a circular economy. 
 
Results 
Today, many techniques for conversion of current waste streams into valuable feedstock for new 
products are available and under development, and thus may facilitate the transition to a circular 
economy. This study presents an overview of processing capabilities, with an emphasis on biogenic 
flows. These represent the largest volume for cities. This volume consists mainly of the relatively wet 
waste stream of GFT-residues. Half of this stream is collected separately, while the other half is mixed 
through the domestic residual waste. The second largest waste stream is waste paper and board. 
Besides solid waste there is also the liquid waste stream that is leaving the households through the 
sewer. The most promising technologies for the various biogenic residues are: (italic means the current 
processing method): 
 vegetable & fruit waste (GF) – composting, anaerobic digestion, production of organic acids & fatty 
acids and production of PHA 
 fine garden residues (T) – composting 
 coarse garden residues – combustion, gasification and pyrolysis 
 waste paper & board – combustion, recycling, gasification, pyrolysis, production of fermentable 
sugars and production of furans & bio aromatics 
 textile residues – combustion, recycling, gasification and pyrolysis 
 beverage cartons – combustion, recycling and gasification 
 wood residues – combustion, recycling, gasification and pyrolysis 
 sewer drain – anaerobic digestion, aerobic purification, production of PHA 
 
For the non-biogenic residues plastic and glass, the standard technique of recycling remains the most 
suitable. In the future 3D printing may offer new opportunities for these residues. Ashes from solid 
household waste can be used in construction materials. New washing processes can improve the 
potentials for theses.  
 
Some thoughts about the implementation of industrial symbiosis in a circular economy 
Compared to linear solutions, circularity is more difficult to realize as it is a holistic approach, which 
involves many components and interactions. In a perfect circular system many interdependencies will 
exist. This study shows that residue sources and processing technologies can be combined in many 
different ways. It is also shown that the search for circular solutions should not be restricted to a small 
area in the city or to the city itself, but that it has to reach beyond the borders of the city.  
 
To widen the field of potential applications of the described technologies and to explore further options, 
it is useful to include them in scenario's. Therefore in this report three scenarios have been developed 
for the industrial site InnoFase near Duiven. These scenarios are: waste oriented, product oriented, co-
creation. The scenario's prove nothing, but they do illustrate the need for good cooperation between 
governments and industries. Both governmental and industrial efforts play an important role in the 
establishment of a circular economy, as the co-creation scenario illustrates. Technological developments 
are crucial, and both government and industry can influence these. Governments by playing a 
stimulating and facilitating role, but also by setting ambitious standards and industries by playing a role 
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as innovator and by a continuous search for symbiotic relations in the form of a good business model. 
But above all, circularity needs a common ambition and a flexible network in which the public is also 
involved and which is open for new starting innovative firms.  
 
Scientific literature on innovation shows  that joint knowledge development and joint innovation 
programmes, for example around start-ups or around the incorporation of a new firm in a symbiotic 
network, can play a major role to implement circularity. This is because knowledge development 
contributes in a precompetitive way that transcends direct interests of specific industries.  
 
Lessons can be learned also from one of the best known examples of industrial symbiosis, that of 
Kalundborg in Denmark. An important characteristic of the process in this area is the bottom up 
evolution of symbiotic relationships between industries. One to one exchange of flows between 
industries have slowly expanded into a symbiotic whole. For InnoFase it is interesting that the local water 
board has played a key role in it. But at a certain point also general rules, standards and cooperation by 
the government are needed. Last but not least the metaphor of symbiosis played a key role in coining 
the concept and combining all efforts.  
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Appendix 1. Extensive judgement of feedstock-technology 
combinations  
Vegetable and Fruit waste (GF-fraction) 
 
PT1 composting (++) 
 feedstock has a suitable moisture content 
 current processing technology for this residual 
 scale OK 
 products have low value 
PT2 anaerobic digestion & AT1 Bio-LNG (++) 
 same as composting 
 bit more value of end-product, but costs also bit higher 
 CO2-impact is reduced more by this technology, so a positive environmental effect 
 subsidy required for parties to proceed 
 technological development still possible 
 producing Bio-LNG is possible as a follow-up of anaerobic digestion. This technology gives more 
revenues for the end-products, however also leads to more processing costs. Biotickets double 
counting needed to make process profitable 
PT3 aerobic purification (-) 
 feedstock is not suitable because it is relatively too dry 
 scale OK 
 technologically feasible 
 more processing costs compared to anaerobic digestion 
 end-product has no value 
PT4 combustion (-)  
 feedstock is less suitable (high moisture content) 
 hardly any efficiency 
 high sand fraction 
 not (--) because in theory it is possible 
PT5 recycling (--) 
 this is impossible 
AT2 Torwash (+/-) 
 feedstock is possibly too wet 
 too expensive technology for this feedstock 
 most of the value of the product (pellets) originates from subsidy for biofuels to produce 
electricity 
AT3 gasification (--) 
 feedstock is too wet 
 technologically impossible 
AT4 pyrolysis (-)  
 technologically very inefficient for this feedstock, but not completely impossible 
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AT5 HTU (+) 
 technologically possible, but many competing technological options 
AT6 sugars (+/-) 
 feedstock is too wet, too heterogeneous and concentration of cellulose is too low 
 only ethanol as possible end-product 
 technologically feasible 
 purification expensive 
 organic acids that are present in the feedstock hinder fermentation process 
AT7 organic acids & fatty acids (++) 
 feedstock is OK 
 technologically feasible 
 separation reasonable (fatty acids are floating on top) 
 producing C6 fatty acids with high value 
AT8 furans & bio aromatics (+/-) 
 feedstock is too wet 
 purification difficult 
 high cost, low revenues (because of low product quantity: vegetable and fruit waste does not 
contain much sugars that are needed for the process, but mainly water, fatty acids (originating 
from sugars that have already been transformed) and sand 
AT9 PHA (++) 
 feedstock is OK, because it contains sugars and fatty acids and the process can handle both 
 final product has high value 
 high potential 
 separation of end-product challenging 
 
Fine garden waste (T-fraction) 
 
For fine garden waste we assume a grass fraction and a fraction with leaves often with sand mixed 
through it. 
 
PT1 composting (++) 
 fine garden waste better for composting than coarse garden residues 
 current processing technology 
PT2 anaerobic digestion & AT1 Bio-LNG (+/-) 
 grass is OK as feedstock, but leaves are more difficult 
PT3 aerobic purification (--) 
 very time consuming, which means expensive 
PT4 combustion (-) 
 feedstock contains sand, damage to feeding equipment 
 sand gives incineration slags which make process more costly 
 lots of ash produced, which needs to be disposed of 
PT5 recycling (-) 
 material of this feedstock cannot be used as such 
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AT2 Torwash (+/-) 
 it is possible but other technologies offer more benefits 
AT3 gasification (-) 
 because fine garden waste is a bit dryer than the vegetable and fruit waste it is slightly better 
suited for gasification 
AT4 pyrolysis (+/-)  
 it is possible but other technologies offer more benefits 
AT5 HTU (+) 
 feedstock has suitable moisture content 
AT6 sugars (+) 
 feedstock has good quality 
AT7 organic acids & fatty acids (+/-) 
 acidification of the leaves will be a problem because leaves are very hard to degrade 
AT8 furans & bio aromatics (+) 
 worse than coarse garden waste because less cellulose present 
AT9 PHA (+/-) 
 fine garden waste is better than coarse garden residues because it contains cellulose in a more 
accessible form 
 
Coarse garden residues 
 
Coarse garden residues are e.g. stumps thick branches, with sand sticking to it. 
Sand can be screened out. 
 
PT1 composting (+) 
 suitable feedstock, needed in a mix with other feedstocks 
 product has low value, lower than for some other technologies 
 however, wood in sieve overflow can be sold as solid biofuel to power plants (combustion) 
PT2 anaerobic digestion & AT1 Bio-LNG (--) 
 technically impossible 
PT3 aerobic purification (--) 
 expensive technology 
 feedstock has higher value than product 
PT4 combustion (++) 
 this woody feedstock is OK for combustion and is current practice for sieve overflow 
PT5 recycling (+) 
 after screening out the sand, this feedstock may be used for production of particle boards, 
although it contains a relatively large amount of bark 
 variation in feedstock may affect board quality 
 in principle the board product has a high value 
AT2 Torwash (--) 
 technically impossible 
AT3 gasification (++) 
 this woody feedstock is OK for gasification 
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AT4 pyrolysis (++)  
 feedstock has good quality 
 technology is possible 
 products have reasonable value and replaces natural gas or oil 
AT5 HTU (+/-) 
 it is possible but other technologies offer more benefits 
AT6 sugars (+) 
 feedstock has good quality 
 technology not yet commercially feasible 
AT7 organic acids & fatty acids (--) 
 technically impossible 
AT8 furans & bio aromatics (+) 
 better than fine garden waste because more cellulose present 
AT9 PHA (--) 
 coarse garden residues are unsuitable because they do not contain cellulose in an accessible 
form for the converting microorganisms 
 
Waste paper & board 
 
PT1 composting (+/-) 
 product has lower value than the feedstock so it does not make sense to use this technology 
PT2 anaerobic digestion & AT1 Bio-LNG (+/-) 
 printer paper (chemical pulp) is a suitable feedstock, however, cardboard (mechanical pulp) 
converts too slow for commercial biogas production 
PT3 aerobic purification (-) 
 lignin of board difficult to break down 
 feedstock has higher value than the product  
PT4 combustion (++) 
 according to the ‘Ladder van Lansink’ it is forbidden to combust paper 
 however technically speaking the feedstock can be combusted 
 a problem might be the ash content; if this is too high the score will go down to a (+) instead of 
(++) 
PT5 recycling (++) 
 is current method 
AT2 Torwash (--) 
 the feedstock is not wet, and no K and Cl are present, so there is no reason to apply Torwash 
AT3 gasification (++) 
 feedstock is OK 
AT4 pyrolysis (++)  
 ash will end up in the tar fraction, which is an advantage 
AT5 HTU (+/-) 
 it is possible but other technologies offer more benefits 
AT6 sugars (++) 
 high cellulose content makes it a good feedstock for producing sugars 
 feedstock needs to be made wet, which is a pity when wet cellulose streams are sufficiently 
available 
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 feedstock cheaper than beverage cartons, and does not contain plastics, therefore (++) instead 
of (+) 
 sugars end up in slurry and can only be used for the production of ethanol 
AT7 organic acids & fatty acids (+) 
 it is possible to use this technology 
 the product value compared to waste paper is higher; but paper is already dry, so combustion 
or gasification is preferred 
AT8 furans & bio aromatics (++) 
 good technology that also uses the sugars 
AT9 PHA (+/-) 
 it is possible but it does not make sense to use this technology, because many other technology 
options exist, it is even more difficult than AT7 
 separation of product is a problem 
 
Textile residues 
 
PT1 composting (--) 
 organic textile could be composted theoretically 
 however plastic (polyester, polyamide, etc.) components will pollute the compost, which makes 
it an unusable technology 
 product value lower than feedstock value 
PT2 anaerobic digestion & AT1 Bio-LNG (-) 
 theoretically possible for organic textile, but plastic textile causes all sorts of technological 
problems 
PT3 aerobic purification (--) 
 cotton based textile can be converted, polymer cannot (although some polyesters can also be 
degraded (PLA)) 
 product value lower than feedstock value 
PT4 combustion (++) 
 feedstock is OK as fuel 
PT5 recycling (++) 
 recycling is the current processing method for textile residues; about 39% of collected textiles is 
reused to wear again, 12% for cleaning cloths (garages, machine factories, printing offices, the 
army and railroads), 13% for fibre based insulation non-wovens (blankets, felt for 
soundproofing and yarns for carpets), the rest for combustion or unknown (export) 
(Allesduurzaam, 2015). About 130 kton of clothing ends in the ‘grey bin’. 
 is technically possible 
 highest added value 
AT2 Torwash (--) 
 does not contain minerals so it is not necessary to use Torwash 
AT3 gasification (++) 
 feedstock is OK as fuel 
 gasification also processes the plastic fraction of the textiles 
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AT4 pyrolysis (++)  
 high organic fraction, either bio or fossil based, makes it a very suitable feedstock 
 metals (e.g. zippers) remain in the char and when this is combusted later on it can be recycled 
AT5 HTU (+/-) 
 it is possible but other technologies offer more benefits 
AT6 sugars (+/-) 
 sugars could be produced from cotton fraction 
 would be a waste of polyamids and polyesters 
 it is possible but other technologies offer more benefits 
AT7 organic acids & fatty acids (+/-) 
 it is possible but other technologies offer more benefits 
AT8 furans & bio aromatics (+/-) 
 it is possible but other technologies offer more benefits 
AT9 PHA (+/-) 
 feedstock needs to be made wet, which is a pity when wet cellulose streams are sufficiently 
available 
 technology is possible but other conversion options are more profitable 
 
Beverage cartons 
 
PT1 composting (-) 
 product value is lower than feedstock value 
PT2 anaerobic digestion & AT1 Bio-LNG (+/-) 
 is technically possible 
 plastic fraction in digestate 
PT3 aerobic purification (--) 
 technically possible 
 plastic fraction in sludge 
 product value lower than feedstock value 
PT4 combustion (++) 
 feedstock is OK as fuel 
 aluminium remains in slag 
PT5 recycling (++) 
 food quality only allows virgin quality of feedstocks 
 however recycling as packaging board is possible 
 the number of pilot plants in NL is increasing 
AT2 Torwash (--) 
 the feedstock is not wet, and no K and Cl are present, so there is no reason to apply Torwash 
AT3 gasification (++) 
 feedstock is OK as fuel 
AT4 pyrolysis (+)  
 metals (aluminium) in coating remain in the char and when this is combusted later on it can be 
recycled 
AT5 HTU (+/-) 
 it is possible but other technologies offer more benefits 
AT6 sugars (+) 
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 sugars can be produced from the cellulose pulp, which is more accessible for microorganisms 
than wood residues  
AT7 organic acids & fatty acids (+/-) 
 feedstock needs to be made wet, which is a pity when wet cellulose streams are sufficiently 
available  
AT8 furans & bio aromatics (+) 
 the feedstock has a high sugar content (cellulose) 
AT9 PHA (+/-) 
 it is possible, but other technologies offer more benefits 
 
Wood residues 
 
PT1 composting (--) 
 impossible 
PT2 anaerobic digestion & AT1 Bio-LNG (--) 
 impossible 
PT3 aerobic purification (--) 
 impossible 
PT4 combustion (++) 
 especially feedstock B-grade wood is very suitable 
 presence of preservatives in feedstock C-grade wood needs special cleaning measures 
PT5 recycling (++) 
 especially feedstock A-grade wood is very suitable for e.g. recycling into particleboard, or for 
furniture, building and construction sectors  
AT2 Torwash (--) 
 the feedstock is not wet, and is low in K and Cl, so there is no reason to apply Torwash 
AT3 gasification (++) 
the feedstock will easily be gasified, no technical problems expected  
AT4 pyrolysis (++)  
 the feedstock will easily be pyrolysed, no technical problems expected  
AT5 HTU (+/-) 
 it is possible but other technologies offer more benefits, e.g. combustion is easier 
AT6 sugars (+) 
 the feedstock wood residues is more difficult than waste paper & board, and beverage cartons 
 the feedstock wood residues is more expensive than the feedstock waste paper 
AT7 organic acids & fatty acids (-) 
 the product has low value and the feedstock is the most expensive of the whole range of 
feedstocks in the table  
AT8 furans & bio aromatics (+) 
 the feedstock wood residues is more difficult than waste paper & board 
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AT9 PHA (--) 
 the feedstock is not wet, and cellulose is not in an accessible form for the converting 
microorganisms 
 
Sewer drain 
 
PT1 composting (--) 
 impossible, because the feedstock is a liquid 
PT2 anaerobic digestion & AT1 Bio-LNG (++) 
 is current practice for primary sludge (COD that can be removed via settling) after aerobic 
purification 
 currently developments to send even more dissolved COD to digester with high load aerobic 
treatment 
PT3 aerobic purification (++) 
 this is the current processing technology 
 can be combined with recovery of minerals from the waste stream (e.g. struvite) 
PT4 combustion (--) 
 impossible, because the feedstock is a liquid 
PT5 recycling (--) 
 impossible 
AT2 Torwash (--) 
 impossible, because the feedstock is a liquid 
AT3 gasification (--) 
 impossible, because the feedstock is a liquid 
AT4 pyrolysis (--)  
 impossible, because the feedstock is a liquid 
AT5 HTU (--) 
 impossible, because the feedstock is a liquid 
AT6 sugars (-) 
 partly possible for a fraction (toilet paper). A current development is to sieve toilet paper fibres 
from sewer drain. 
AT7 organic acids & fatty acids (+) 
 it is possible to extract acids 
AT8 furans & bio aromatics (-) 
 only small amount of sugars in sewer drain  
AT9 PHA (++) 
 especially for waste water processing plants producing PHA is promising 
 purification of PHA from sludge will be more expensive 
 the application of PHAs from sludge will be limited by the origin of the raw material (with 
possible pathogens and drug residues in the primary sludge) 
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Appendix 2. Industries at InnoFase  
 
 
Figure 24   - Overview of inputs and outputs of AVR (Duisterwinkel et al., 2014) 
 
 
 
Figure 25  - Overview of inputs and outputs of Bruins & Kwast (Duisterwinkel et al., 2014) 
 
 
 
Figure 26 - Overview of inputs and outputs of Meteor Systems (Duisterwinkel et al., 2014) 
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Figure 27 - Overview of inputs and outputs of SITA (1) (Duisterwinkel et al., 2014) 
N.B. Values of the flows match the arrow thickness. 
 
 
Figure 28 - Overview of inputs and outputs of SITA (2)  N.B. Values of the flows match the arrow thickness for all the flows 
except for Other waste, which is made thinner for a better overview. (Duisterwinkel et al., 2014) 
 
 
 
Figure 29 - Overview of inputs and outputs of Waterschap Rijn & Ijssel (Duisterwinkel et al., 2014) 
 
 
 
